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Description

[0001] This Non-Provisional Patent Application claims
priority to and the benefit of U.S. Provisional Patent Ap-
plication No. 63/022,983, filed May 11, 2020, the disclo-
sure of which is incorporated herein it its entirety.

BACKGROUND

1. Field

[0002] The present disclosure generally relates to ve-
hicle tire changing equipment, and more particularly, to
automated vehicle tire changing equipment and systems.

2. Brief Description of Related Developments

[0003] Like many industries that generally rely on hu-
man labor, there is a shortage of vehicle service techni-
cians to meet demand with respect to, for example, the
automobile service industry. Even with an adequate
number of employees, throughput and efficiency of an
automobile service facility or center may be impacted if
one of their vehicle service technicians does not show
up for work.
[0004] In addition to maintaining an adequate number
of vehicle service technicians, automobile service facili-
ties also face a challenge of finding a suitably qualified
technician for any given tasks. For example, senior ve-
hicle service technicians are often too highly paid for a
service facility to justify the senior vehicle service tech-
nician to perform certain types of work. Moreover, it is
not uncommon for some senior vehicle service techni-
cians to refuse work that is below their level of expertise.
For example, a senior vehicle service technician may
refuse to perform vehicle tire changes. This creates a
problem for service facilities in that an appropriate mix
of vehicle service technician skill level must generally be
maintained to maximize profits and efficiently operate the
service facility.
[0005] A constantly changing level of consumer de-
mand for certain automotive services may also com-
pound the problem of efficient service facility operation
because at some points in time the service facility may
have an appropriate number of vehicle service techni-
cians with an appropriate skill level for a certain task(s),
such as vehicle tire changes, while at other times that
same number of vehicle service technicians may be un-
suitable for fulfilling customer demand with respect to the
vehicle tire changes.
[0006] Generally, depending on the size of the service
facility, tire changes are performed fully manually, man-
ually with machine assist, or in a semi-automated man-
ner. Fully manual tire changes are labor intensive and
involve the use of manual bead breakers, crowbars or
mount and demount tools, tire irons, and wheel supports.
The amount of labor involved with fully manual tire chang-
es may limit a number of tire changes that can be per-

formed by a vehicle service technician in a given amount
of time. The manual with machine assist tire changes
reduce the labor involved with the tire change and gen-
erally include a machine with hydraulic-powered axes of
motion that assist with breaking of the tire bead as well
as maneuvering of the tire bead around a flange of the
wheel from or to which the tire is being removed or in-
stalled. Semi-automated tire machines reduce the labor
involved with a tire change even further, thus allowing a
service technician to perform more tire changes; howev-
er, these semi-automated machines generally require
constant vehicle service technician presence making
multiple simultaneous tire changes by a single vehicle
service technician unfeasible. The number of tire chang-
es (and vehicles processed) that can be performed with
the above-noted conventional tire change appara-
tus/methods is generally limited by the number of ma-
chines and corresponding vehicle service technicians
available to use those machines.
[0007] In addition to the tire changing process, newly
installed tires require the tire/wheel assembly to be bal-
anced. This is also typically performed by a vehicle serv-
ice technician using a conventional tire balancing ma-
chine with the tire/wheel assembly off of the vehicle.
While tire balancing machines that balance the tire/wheel
assembly with the tire/wheel assembly on the vehicle
have been used in the past, all-wheel-drive and traction
control systems on newer vehicles have all but eliminated
these conventional methods of balancing the tire/wheel
assembly with the tire/wheel assembly on the vehicle.
Tire balancing beads may also be used to dynamically
balance a tire/wheel assembly, where the tire balancing
beads are inserted into the tire by a vehicle service tech-
nician before seating the tire bead on the wheel. In any
event, each of these tire balancing methods requires the
constant presence of the vehicle service technician,
again limiting the number of tires that can be changed in
a given time period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing aspects and other features of the
present disclosure are explained in the following descrip-
tion, taken in connection with the accompanying draw-
ings, wherein:

Fig. 1 is a schematic illustration of an automated tire
changing system incorporating aspects of the
present disclosure;

Fig. 2A is another schematic illustration of the auto-
mated tire changing system of Fig. 1 incorporating
aspects of the present disclosure;

Fig. 2B is still another schematic illustration of the
automated tire changing system of Fig. 1 incorporat-
ing aspects of the present disclosure;
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Fig. 2C is yet another schematic illustration of the
automated tire changing system of Fig. 1 incorporat-
ing aspects of the present disclosure;

Fig. 2D is another schematic illustration of the auto-
mated tire changing system of Fig. 1 incorporating
aspects of the present disclosure;

Fig. 3 is an exemplary illustration of a tire and wheel
assembly in accordance with aspects of the present
disclosure;

Fig. 4 is a schematic illustration of a portion of the
automated tire changing system of Fig. 1 incorporat-
ing aspects of the present disclosure;

Fig. 5 is a schematic illustration of automated guided
vehicle navigation in accordance with aspects of the
present disclosure;

Fig. 6 is a schematic illustration of automated guided
vehicle navigation in accordance with aspects of the
present disclosure;

Fig. 7 is a schematic illustration of automated guided
vehicle navigation in accordance with aspects of the
present disclosure;

Fig. 8 is a schematic illustration of automated guided
vehicle navigation in accordance with aspects of the
present disclosure;

Figs. 9A-9C are an exemplary method in accordance
with aspects of the present disclosure; and

Fig. 10 is a schematic block diagram of the automat-
ed tire changing system in accordance with aspects
of the present disclosure.

DETAILED DESCRIPTION

[0009] Fig. 1 illustrates an exemplary automated tire
changing system 100 in accordance with aspects of the
present disclosure. Although the aspects of the present
disclosure will be described with reference to the draw-
ings, it should be understood that the aspects of the
present disclosure can be embodied in many forms. In
addition, any suitable size, shape or type of elements or
materials could be used.
[0010] Referring to Figs. 1 and 3, the aspects of the
tire changing system 100 described herein automate the
process of changing tires 111T on a vehicle 110. As will
be described herein the tire changing system 100 pro-
vides for changing tires with the wheel 111W on (i.e., in
situ) the vehicle 110 or by removing the wheel 111W from
the vehicle 110. In one or more aspects, the tire changing
system 100 provides for an operator of the tire changing
system 100, such as a vehicle service technician 199, to

select an in-situ tire change or a tire change by removing
the wheel 111W from the vehicle 110. The vehicle 110
is any suitable vehicle having a wheel assembly 111 (in-
cluding a tire 111T mounted on a wheel or rim 111W)
coupled to and removable from a wheel hub. Suitable
examples of a vehicle 110 include, but are not limited to,
passenger vehicles, commercial vehicles, and recrea-
tional vehicles.
[0011] The aspects of the tire changing system 100
described herein automate tasks associated with chang-
ing tires 111T on the vehicle 110. A tire change, as de-
scribed herein, includes at a minimum, removal of an old
or used tire 111TU from the wheel 111W and replace-
ment of the used tire 111TU with what may be referred
to as a replacement or other (new) tire 111TN that is
installed on the wheel 111W in place of the removed used
tire 111N. The aspects of the tire changing system 100
provides for a single vehicle service technician 199 to
simultaneously monitor the changing of more than one
tire on the same or different vehicles addressing the prob-
lems noted above. The aspects of the tire changing sys-
tem 100 described herein generally limit vehicle service
technician 199 interaction with the vehicle(s) 110 and/or
tire changing apparatus (e.g., tire changing machines,
tire balancers, etc.) and substantially eliminates lifting of
wheel assemblies 111 by the vehicle service technician
199. This allows the vehicle service technician 199 to
work in a less labor intensive environment and interact
with the tire changing system 100 when necessary (e.g.,
such as to deliver vehicles 110 to/from the tire changing
system 100, provide replacement tires 110TN or other
supplies (valve stems, valve caps, lubricants, cleaning
solutions, etc.) to the tire changing system 100, perform
maintenance on components of the tire changing system,
etc.). The aspects of the tire changing system 100 also
eliminate the need to lift the vehicle 110 to heights that
would be ergonomic for the vehicle service technician
199 to remove and install the wheel assembly 111 from
and to the vehicle 110. Here the vehicle 110 only need
be lifted (or a normal force be removed from the wheel
assembly 111) to a height that the tire 111T no longer
contacts a traverse surface on which the vehicle 110 was
moving so that suitable clearance is provided around the
tire 111T to facilitate removal of the wheel assembly 111
from the vehicle or removal of the tire 111T from the wheel
111W.
[0012] Still referring to Fig. 1, the tire changing system
100 is configured to change one or more tires with the
wheel 111W remaining on (i.e., in-situ) the vehicle 110
and/or with the wheel 111W removed from the vehicle
110. The tire changing system 100 includes at least one
tire changing station 101, noting that multiple tire chang-
ing stations may be provided so that multiple vehicles
110 can be processed simultaneously by a single vehicle
service technician 199. The autonomous configuration
of the tire changing system provides for the processing
of multiple vehicles 110 by a single vehicle service tech-
nician 199 and with minimal intervention by the vehicle
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service technician 199 in the tire changing process. Gen-
erally the tire changing station 101 includes at least one
autonomous traverse tire changing bot 120 (referred to
herein for convenience as "bot 120"). It should be under-
stood that reference to an autonomous traverse tire
changing bot 120 does not preclude inclusion of more
than autonomous traverse tire changing bot as will be
described in greater detail herein. For example, some
aspects of the present disclosure (as described herein)
include more than one separate and/or independent and
cooperative bots 120, cooperating to effect a tire change
(through in some aspects a single robot directly effects
the tire change). In some aspects, there multiple bots
120 are configured for respective tasks. For example,
one bot 120 is configured for wheel assembly 111 or tire
111T removal, another bot 120 is configured for lug
nut/bolt removal, or any other process of the tire change
as indicated by, for example, the tools 129A-129M de-
scribed herein.
[0013] Referring to Figs. 1 and 10 a control architecture
1000 of the tire changing system 100 will be described.
The control architecture of the tire changing system 100
generally includes a business and application logic por-
tion 1001, a control console 1010, and one or more tire
changing system devices 1020A-1020n (where n is an
integer that denotes an upper numerical limit to the
number of tire changing system devices in the tire chang-
ing system 100). The one or more tire changing system
devices 1020A-1020n are any one or more of the devices
described herein (i.e., bots 120, automated or semi-au-
tomated tire changing machines 182, automated or semi-
automated tire balancing machines 183, tire storage
racks/carts 187, barriers, etc.). The one or more tire
changing system devices 1020A-1020n are in one aspect
assigned to a single tire changing station 101 (such as
where the service facility has a single service bay), or in
other aspects, some of the tire changing system devices
1020A-1020n are assigned to one tire changing station
101 and other ones of the tire changing system devices
1020A-1020n are assigned to another tire changing sta-
tion 101 (such as where the service facility has more than
one service bay).
[0014] As can be seen in Fig. 10, a portion of the busi-
ness and application logic portion 1001 overlaps with a
portion of the control console 1010; however in other as-
pects there may not be any overlap. For exemplary pur-
poses, a portion of the business and application logic
portion 1001 is resident in the control console 1010. The
business and application logic portion 1001 is configured
with any suitable operating system (OS) configured (e.g.,
programmed with non-transitory computer readable
code executed on any suitable processor of the control
console 1010) to facilitate one or more of local services
and cloud based services. The control console 1010 in-
cludes a database access and management module
1002 (which may be configured as a hardware or soft-
ware module), a cloud interface module 1003 (which may
be configured as a hardware or software module), an

operator graphical user interface 1004, and an applica-
tion logic module 1005 (which may be configured as a
hardware or software module) that are shared with the
business and application logic portion 1001.
[0015] The operator graphical user interface 1004 is
configured (e.g., programmed with non-transitory com-
puter readable code executed any suitable processors
and memory) to facilitate operator input and control (e.g.,
both operational control for tire changing services and
administrative services (e.g., billing, software updates,
database entry, billing, inventory, etc.) control) of the tire
changing system 100. The database access and man-
agement module 1002 is in communication with operator
graphical user interface 1004 and any suitable data-
base(s) 1060 and facilitates access to and storage of
information including, but not limited to tire information,
customer information, vehicle information, billing infor-
mation, and inventory and relationships between the var-
ious information (i.e., each customer or vehicle has a
respective record that includes respective tire informa-
tion, respective billing information, etc.). The cloud inter-
face module 1003 is configured (e.g., programmed with
non-transitory computer readable code executed any
suitable processors and memory) to provide an interface
between the control console and one or more cloud serv-
ices. It is noted that reference to cloud services herein
pertains to cloud computing which is known as the on-
demand availability of computer system resources, es-
pecially data storage and computing power, without di-
rect active management by the user and generally refers
to data centers available to many users over the Internet.
These cloud services include but are not limited to remote
access to the tire changing system 100, point of service
payment and billing, and over-the-air software updates
to components of the tire changing system 100. The ap-
plication logic module 1005 is configured to at least in-
terface the operator graphical user interface 1004, the
database access and management module 1002, and
the cloud interface module 1003 with each other.
[0016] The control console 1010 also includes a Web
application interface 1006, a process monitor module
1007 (which may be configured as a hardware or soft-
ware module), a process control module 1008 (which
may be configured as a hardware or software module),
a device maintenance module 1009 (which may be con-
figured as a hardware or software module), and a network
application interface to device module 1011 (which may
be configured as a hardware or software module). The
Web application interface 1006 is configured (e.g., pro-
grammed with non-transitory computer readable code
executed any suitable processors and memory) to pro-
vide access, e.g., for the operator graphical user interface
and/or other modules of the control console, to a web
server and/or web browser (e.g., for accessing the cloud
services). The process monitor module 1007 is config-
ured to (e.g., programmed with non-transitory computer
readable code executed any suitable processors and
memory) monitor (e.g., by sending data to and receiving
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data from the devices 1020A-1020n indicating a tire
change process has started, has ended, or paused due
to error) the tire changing process as described herein
and provide feedback to the process control module
1008. The process control module 1008 is programmed
(e.g., programmed with non-transitory computer reada-
ble code executed any suitable processors and memory)
to issue commands to the devices 1020A-1020n control-
ling the process flow for a tire change so that tire change
operations are performed in a predetermined sequence
that may depend on the type of tire change and tire
change services requested. The device maintenance
module 1009 is programmed (e.g., programmed with
non-transitory computer readable code executed any
suitable processors and memory) to monitor a health of
the devices 1020A-1020n and provide maintenance
alerts to the operator through the operator graphical user
interface 1004. The network application interface to de-
vice module 1011 is configured to provides a wired or
wireless interface between the components of the control
console and the devices 1020A-1020n.
[0017] Referring still to Fig. 1, the bot 120 including a
bot frame 125 also includes or is coupled/mounted to a
carriage 120C. The carriage 120C is any suitable car-
riage that facilitates bot 120 traverse as described herein.
For example, in one or more aspects, the carriage 120C
is a wheeled carriage that includes a carriage frame
120F, wheels 120W supporting the carriage frame 120F,
and a carriage drive section 121; while on one or more
other aspects the carriage 120C is a sliding platform that
slides or rides along rails and is driven in any suitable
manner, such as by ball screws or other linear actuator.
For exemplary purposes only the carriage 120C will be
described herein as a wheeled carriage but it should be
understood that the carriage may or may not include
wheels and be driven in any suitable manner (e.g., slid
along rails, etc.) so that the bot 120 moves relative to the
vehicle 110 for effecting a tire change as described here-
in.
[0018] For exemplary purposes only, the carriage drive
section 121 (whether wheeled or otherwise) includes at
least one motor 121M that defines at least one degree
of freedom powering at least one of the wheels 120W (or
rotating a ball-screw, etc.) effecting autonomous traverse
of the carriage 120C, along a traverse path 299 (see,
e.g., Fig. 2A), relative to a traverse surface or a floor 198
on which the bot 120 rests. As will be described herein,
the traverse path 299 along which the bot travels is in
one or more aspects, a path around the entire vehicle
110 or a path around a portion of the vehicle 110, where
the traverse path may depend on a number of bots 120
are included in the tire changing system 100. For exam-
ple, where there are two bots 120 each bot traverses
along a respective side (e.g., driver or passenger side)
of the vehicle 110. As another example, where there are
two bots 120 on a common side of the vehicle 110 (e.g.,
either the driver or passenger side) each bot 120 travers-
es along a respective portion of the common side of the

vehicle 110.
[0019] As will be described in greater detail, the
traverse path (such as traverse path 299 in Fig. 2A) may
be defined in any suitable manner, such as through non-
contact bot guidance on an undeterministic travel surface
(i.e., without physical constraints guiding movement of
the bot 120) or with physical constraints (such as rails)
on which the bot 120 rides. Where the bot 120 travels on
an undeterministic travel surface the wheels 120W are
configured in any suitable manner so as to provide the
carriage 120C with both linear traverse and rotational
movement. For example, one or more of the wheels
120W may be steerable or the wheels may be holonomic
wheels (such as Mecanum wheels, Omni wheels, or poly
wheels). Where the bot 120 travels on, e.g., rails 236
(see Fig. 2D), the wheels 120W may be any suitable
wheels configured to follow and travel along the rails.
[0020] In one or more aspects, the entire bot 120 may
align itself in one or more degrees of freedom with respect
to the vehicle 110, the wheel assembly 111, the wheel
111W, the tire 111T or any other component of the tire
changing system 100 to perform a tire changing opera-
tion. For exemplary purposes only, a center of rotation
of the tire bead breaker tool 129H (described herein) is
substantially aligned with a center of rotation of the wheel
assembly 111 and the plane in which the tire bead break-
er tool 129H acts is set so as to be substantially parallel
to the rotational axis of the wheel assembly 111. Where
the carriage 120C includes steerable or holonomic
wheels, this positional adjustment of the tire bead breaker
tool 129H is accomplished, at least in part, by controlling
the wheels for positioning the bot 120 along one or more
of the following directions:

linear direction 237 extending substantially parallel
to both the floor 198 and the vehicle 110 and extend-
ing lengthwise (from front to back) relative to the ve-
hicle 110; and

linear direction 238 extending substantially perpen-
dicular to the vehicle 110 and substantially parallel
to the floor 198;

Where the carriage 120C is guided by, for example,
rails 236 (i.e., constrained traverse) movement of
the carriage in direction 237 is accomplished by mov-
ing the carriage along the rails 236. However, move-
ment in direction 238 is limited due to the constraints
of the rails 236. Here the carriage 120C includes a
movement stage 120S that coupled to the frame
120F so as to move in at least direction 238 relative
to the frame 120F. For example, the movement stage
120S is coupled to the frame 120F by stage guide
rails having any suitable drive that provides the
movement stage 120S with linear movement in di-
rection 238.

[0021] In one or more aspects, such as where the car-
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riage 120S is rail guided, intervening between the move-
ment stage 120S and the stage guide rails is one or more
rotational couplings. In other aspects, such as where the
carriage 120 is a wheeled carriage, the one or more ro-
tational couplings couple a movement stage 120S (sim-
ilar to that of the rail guided carriage) to the frame 120F.
These one or more rotational couplings are include any
suitable drives for moving the movement stage 120S in
one or more of the following directions:

rotational direction 239 having an axis of rotation
239R extending substantially perpendicular to the
floor;

rotational direction 240 having an axis of rotation
240R extending substantially parallel with the floor
198; and

rotational direction 241 having an axis of rotation
240R extending substantially parallel with the floor
198.

[0022] In some aspects, a vertical drive may be pro-
vided to move the movement stage 120S (and/or the
frame 120F) vertically to raise or lower the movement
stage 120S (and/or the frame 120F). As such, the move-
ment stage 120S may be provided with five or six degrees
of freedom (in other aspects there may be more than six
or less than five degrees of freedom) for aligning the bot
120 with respect to the vehicle 110, the wheel assembly
111, the wheel 111W, the tire 111T or any other compo-
nent of the tire changing system 100 to perform a tire
changing operation.
[0023] The bot frame 125 includes at least one robotic
articulated arm 126 (referred to herein for convenience
as an actuator or "robotic arm 126") and a bot drive sec-
tion 127. In one or more aspects, the at least one robotic
arm 126 may be any suitable multi-axis arm available
from such manufacturers as Fanuc Robotics Company,
Kuka Automation Company, and Yaskawa Electric Cor-
poration. In one or more aspects the at least one robotic
arm 126 has a bespoke arm configuration with any suit-
able number of axes. The at least one robotic arm 126
(whether commercially available or bespoke) has any
suitable number of degrees of freedom for effecting a tire
change as described herein. For example, the at least
one robotic arm 126 is a one axis arm, a two axis arm, a
three axis arm, a five axis arm, a six axis arm, a seven
axis arm, nine axis arm, or an arm with any other suitable
number of axes. In one or more aspects, as described
herein, the bot 120 has more than one robotic arm 126,
126A where, in one or more aspects, the different arms
have different numbers of axes and/or different tire
changing capabilities. The robotic arm 126 is driven by
the bot drive section 127, where the bot drive section 127
includes at least one motor 127M that defines a bot arm
degree of freedom, separate and distinct from the at least
one degree of freedom powering the traverse path 299

axis of the bot 120 (e.g., the degree of freedom powering
the at least one of the wheels 120W, ball screw rotation,
etc.). The robotic arm has an end effector 128 that in-
cludes a wheel or tire engagement tool 129 disposed so
that articulation of the at least one robotic arm 126 with
the bot arm degree of freedom effects engagement con-
tact of the wheel or tire engagement tool 129 and a wheel
111W or a tire 111T mounted on the vehicle 110. The
arm articulation axis/axes AX1-AX6 defined by articula-
tion of the at least one robotic arm 126 with the bot arm
degree of freedom is separate and distinct from the
traverse path 299 along which the carriage 120C travers-
es. As described herein, the aspects of the present dis-
closure provide for automated control of fully dynamic
pose of the carriage 120C (at least along one drive axis
(e.g., along rails or in at least one traverse direction along
the undeterministic traverse surface) of the carriage
120C) so that articulation of the at least one robotic arm
126 (along a different drive axis than the drive axis of the
carriage 120C) engages any suitable tool (such as those
described herein) coupled to the end effector 128 of the
at least one robotic arm 126 to a variably positioned wheel
111W and/or tire 111T on the vehicle 110.
[0024] Referring to Figs. 1 and 3, in accordance with
one or more aspects of the present disclosure the wheel
or tire engagement tool 129 includes one or more of a
wheel assembly grip 129A, a valve stem cap installation
tool 129B, a valve stem cap removal tool 129C, a tire
deflation tool 129D, a tire mounting/dismounting tool
129E, a valve core installation tool 129F, a valve core
removal tool 129G, a tire bead breaker tool 129H, a wheel
cleaning tool 1291, a lug wrench 129J, a tire balancing
bead dispenser 129K, a tire inflation tool 129L, a tire bal-
ancer 129M, and/or any other suitable tool that effects
changing a tire 111T. In one or more aspects, the above-
noted tools are stored on any suitable tool holder 134
carried by the carriage 120C or located off-board the bot
120 at a location within the tire changing station 101 that
is accessible by the at least one robotic arm 126. In one
or more aspects, the above-noted tools are interchange-
able/swappable with each other so that the end effector
128 places one and picks up another different tool for
performing tire changing tasks. For example, the bot 120
includes a controller 160 that is configured to command
the at least one robotic arm 126, based on a task to be
performed, to automatically exchange one tool for anoth-
er, such as through articulation of the at least one robotic
arm 126 the end effector 128 places a tool (e.g., such as
the tire bead breaker tool 129H) at the tool holder 134
and then picks another different tool from the tool holder
(e.g., such as tire inflation tool 129L) for performing a
subsequent step in the tire change process. The control-
ler 160 is also configured to control the drives of the bot
120 (e.g., drives of the arm 126 and carriage 120C that
effect movement of the arm 126 and carriage 120C as
described herein) to position the carriage 120C relative
to the vehicle 110, another bot 120 or other component
(e.g., tire balancer, tire changing machine, cart, etc.) of
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the tire changing system 100. Referring also to Fig. 10,
the controller 160 includes a network application inter-
face 1030 and a communication module 1031 (config-
ured as a hardware or software module) so that the bot
120 communicates with the control console 1010 and/or
cloud based services (e.g. such as for bot software up-
dates). The controller 160 is programmed with process
control algorithms and state machines 1032 to effect the
operation of the bot 120 as described herein. A motion
application interface 1033 and vision application inter-
face 1034 are also provided in the controller 160 so that
the process control algorithms and state machines 1032
interface with motion controllers 1035 and vision proces-
sors 1036 of the bot 120. The bot 120 includes any suit-
able onboard communications network 1037 (such as an
EtherCAT or other suitable network) that communicably
couples the cameras, drives, moors, sensors, actuators,
switches, etc. (as described herein) of the bot 120 to a
respective motion controller 1035 or vision processor
1036. While the controller 160 of the bot 120 was de-
scribed, it should be understood that controllers of the
other tire changing system 100 devices 1020A-1020n
are substantially similar to the controller 160.
[0025] In other, aspects the bot 120 includes more than
one robotic arm 126, 126A (two arms are shown in Fig.
1 for exemplary purposes but in other aspects there may
be more than two arms). Each of the more than one ro-
botic arm 126, 126A has a different respective arm artic-
ulation axis (noting each robotic arm 126, 126A includes
respective axes AX1-AX6 of articulation), and a different
respective end effector 128, 128A disposed for working
on the wheel 111W or tire 111T mounted on the vehicle
110 (or off of the vehicle). Here, in one or more aspects,
each robotic arm 126, 126A holds a different one of the
tools noted above (noting that in some aspects, the tools
are also exchangeable as noted above). Further, the
above-noted tools are combined, in some aspects, so
that a single combination tool performs several tasks.
For example, in one aspect, the wheel assembly grip
129A is combined with one or more of the a valve stem
cap installation tool 129B, a valve stem cap removal tool
129C, a tire deflation tool 129D, a tire mounting/dis-
mounting tool 129E, a valve core installation tool 129F,
a valve core removal tool 129G, a tire bead breaker tool
129H, a wheel cleaning tool 1291, a lug wrench 129J, a
tire balancing bead dispenser 129K, a tire inflation tool
129L, a tire balancer 129M, and/or any other suitable tool
that effects changing a tire 111T (noting any other com-
binations of the various tools may be effected and are
within the scope of the present disclosure).
[0026] The wheel assembly grip 129A has any suitable
configuration for gripping the wheels assembly 111 for
carrying the wheel assembly to and from the vehicle 110,
such as through articulation of the at least one robotic
arm 126 and guided by position information provided by
any suitable sensors, such as those described herein.
For exemplary purposes only the wheel assembly grip
129A has any suitable configuration and/or components

to effect carrying the wheel assembly 111, where suitable
examples of wheel assembly grips can be found in United
States patent number 5,125,298 issued on June 30,
1992; United States patent number 9,757,828 issued on
September 12, 2017; and United States pre-grant publi-
cation number 2017/0334073, published on November
23, 2017, the disclosures of which are incorporated here-
in by reference in their entireties. The wheel assembly
grip 129A includes an end effector mount that couples
the wheel assembly grip 129A to the end effector 128 of
the at least one robotic arm 126.
[0027] The valve stem cap installation tool 129B has
any suitable configuration for installing a valve stem cap
2101 to a valve stem 2100 of the wheel 111W. For ex-
emplary purposes only, the valve stem cap installation
tool 129B includes any suitable valve stem cap holder
configured to thread the valve stem cap 2101 onto the
valve stem 2100. In one aspect, the valve stem cap hold-
er, through articulation of the at least one robotic arm 126
and guided by position information provided by any suit-
able sensors (located on-board or off-board the bot 120),
such as those described herein, picks up a valve stem
cap 2101, e.g., from any suitable rack accessible to or
carried by the bot 120 (or from any other suitable location
such as fed through the valve stem cap holder). Through
articulation of the at least one robotic arm 126, and guided
by position information provided by any suitable sensors
such as those described herein, the valve stem cap 2101
is aligned with the valve stem 2100 and installed on the
valve stem 2100. The valve stem cap installation tool
129B includes an end effector mount that couples the
valve stem cap installation tool 129B to the end effector
128 of the at least one robotic arm 126.
[0028] The valve stem cap removal tool 129C is sub-
stantially similar to the valve stem cap installation tool
129B (or have any other suitable configuration for remov-
ing valve stem caps 2101 from the valve stems 2100;
however, rather than pick up or feed valve stem caps
2101 to the valve stem cap holder, the valve stem caps
are ejected from the valve stem cap holder after removal
and placed in any suitable storage hopper. Otherwise,
the valve stem cap removal tool 129C operates in a man-
ner that is substantially the reverse of the valve stem cap
installation tool 129B. The valve stem cap removal tool
129C includes an end effector mount that couples the
valve stem cap removal tool 129C to the end effector 128
of the at least one robotic arm 126. The valve stem cap
2101 may be removed or installed with the wheel 111W
mounted in situ on the vehicle 110 or with the wheel 111W
removed from (i.e., located off of) the vehicle 110.
[0029] The tire deflation tool 129D has any suitable
configuration for deflating the tire 111T either through the
valve stem 2100 or by puncturing a sidewall of the tire
111T. For non-limiting exemplary purposes only, the tire
deflation tool 129D includes an end effector mount that
couples the tire deflation tool 129D to the end effector
128 of the at least one robotic arm 126. The tire deflation
tool includes a suitable needle or pin that extends from
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the end effector mount and is configured to extend, e.g.,
through articulation of the at least one robotic arm, and
guided by position information provided by any suitable
sensors such as those described herein, into the valve
stem 2100 to depress a valve 1910V of a valve core 1910
of the wheel 111W to deflate the tire 111T mounted to
the wheel 111W. In other aspects, the tire deflation tool
129D has any suitable configuration and/or components
for deflating a tire. In one aspect, the tire deflation tool
129D on articulation of the at least one robotic arm 126
deflates the tire 111T mounted to the wheel 111W with
the wheel 111W mounted in situ on the vehicle 110; while
in other aspects, the tire deflation tool 129D on articula-
tion of the at least one robotic arm 126 deflates the tire
111T mounted to the wheel 111W with the wheel 111W
removed from (i.e., located off of) the vehicle 110.
[0030] The valve core removal tool 129G also effects
deflation of the tire 111T and/or replacement of a dam-
aged/defective valve core 1910. The valve core removal
tool 129G has any suitable configuration for engaging
the valve core 1910 and removing the valve core 1910
from the valve stem 2100. For non-limiting exemplary
purposes only, the valve core removal tool 129G includes
an end effector mount that couples the valve core remov-
al tool 129G to the end effector 128 of the at least one
robotic arm 126. The valve core removal tool 129G in-
cludes any suitable valve core engagement that is cou-
pled to the end effector mount to effect unthreading the
valve core 1910 from the valve stem 2100 through artic-
ulation of the at least one robotic arm 126, and guided
by position information provided by any suitable sensors
such as those described herein. For example, any suit-
able sensors, such as those described herein identify the
position and orientation of the valve core 1910 and based
on the identified position and orientation, the valve core
engagement is positioned relative to the valve core 1910
through articulation of the at least one robotic arm 126
to engage the valve core 1910 to effect removal of the
valve core 1910 from the valve stem 2100 with the valve
core removal tool 129G. Here, the removed valve core
1910 may be ejected in any suitable manner (e.g., com-
pressed air, etc.) from the valve core removal tool 129G
into any suitable holding bin. In other aspects, the valve
core removal tool 129G has any suitable configuration
and/or components for removing valve cores from valve
stems.
[0031] The valve core installation tool 129F is substan-
tially similar to the valve core removal tool 129G; how-
ever, here the valve core engagement unthreads the
valve core 1910 from the valve stem 2100. Here, any
suitable sensors, such as those described herein, are
employed to identify a positions and orientations of the
valve stem 2100 and a valve core 1900, where the valve
core 1900 is held in any suitable rack 1700 accessible
to or carried by the bot 120. Based on the identified po-
sition and orientation of the valve core 1910, the valve
core installation tool 129F, through articulation of the at
least one robot arm 126, grips the valve core 1910 and

positions the valve core 1910 relative to the valve stem
2100 and installs the valve core 1910 into the valve stem
2100 based on the identified position and orientation of
the valve stem 2100. In other aspects, the valve core
installation tool 129F has any suitable configuration
and/or components for installing valve cores to valve
stems. The valve core 1910 may be installed or removed
with the wheel 111W mounted in situ on the vehicle 110
or with the wheel 111W removed from (i.e., located off
of) the vehicle 110.
[0032] The tire mounting/dismounting tool 129E, has
any suitable configuration for mounting/dismounting
(e.g., moving a bead 300 of the tire 111T over a flange
310 of the wheel 111W) to install or remove the tire 11T
to or from the wheel 111W. For non-limiting exemplary
purposes only the tire mounting/dismounting tool 129E
includes an end effector mount that couples the tire
mounting/dismounting tool 129E to the end effector 128
of the at least one robotic arm 126. The tire mounting/dis-
mounting tool 129E includes a tool head substantially
similar to those described in United States patent number
5,125,298 (previously incorporated by reference herein)
or found on conventional semi-automated tire mounting
machines. The tire mounting/dismounting tool 129E may
be positioned relative to the tire 111T and wheel 111W
for mounting or dismounting a tire 111T to or from the
wheel 111W through articulation of the at least one ro-
botic arm 126 which is guided by sensor information from
any suitable sensors such as those described herein. In
other aspects the tire mounting/dismounting tool 129E
has any suitable configuration and/or components for
mounting/dismounting tires. In one aspect, the tire
mounting/dismounting tool 129E, on articulation of the at
least one robotic arm 126 engages the tire 111T of the
wheel 111W mounted on the vehicle 110 and effects
mounting of the tire 111T on the wheel 111W and dis-
mounting of the tire 111T off the wheel 111W with the
wheel 111W mounted in situ on the vehicle 110; while in
other aspects, the tire mounting/dismounting tool 129E,
on articulation of the at least one robotic arm 126 engages
the tire 111T of the wheel 111W mounted on the vehicle
110 and effects mounting of the tire 111T on the wheel
111W and dismounting of the tire 111T off the wheel
111W with the wheel 111W removed from (i.e., located
off of) the vehicle 110.
[0033] The tire bead breaker tool 129H has any suita-
ble configuration for breaking the bead of the tire 111T
from the flange of the wheel 111W. For non-limiting ex-
emplary purposes only the tire mounting/dismounting
tool 129E includes an end effector mount that couples
the tire mounting/dismounting tool 129E to the end ef-
fector 128 of the at least one robotic arm 126. The tire
bead breaker tool 129H includes any suitable wedges,
sliders, or other tire engagements configured to slide or
move the tire bead 300 towards a centerline of the wheel
111W (i.e., in a direction along an axis of rotation 390 of
the wheel 111W) to separate the tire bead 300 from the
flange 310 of the wheel 111W. The tire bead breaker tool
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129H is positioned relative to the tire 111T and wheel
111W through articulation of the at least one robotic arm
126, which is guided by sensor information from any suit-
able sensors such as those described herein, to effect
breaking the tire bead 300. In other aspects the tire bead
breaker tool 129H has any suitable configuration and/or
components for breaking the bead of the tire 111T a the
term "break the tire bead" is known by those skilled in
the art. In one aspect, the tire bead breaker tool 129H on
articulation of the at least one robotic arm 126 breaks the
bead 300 of the tire 111T from the wheel 111W with the
wheel 111W mounted in situ on the vehicle 110; while in
other aspects, the tire bead breaker tool 129H on artic-
ulation of the at least one robotic arm 126 breaks the
bead 300 of the tire 111T from the wheel 111W with the
wheel 111W removed from (i.e., located off of) the vehicle
110.
[0034] The wheel cleaning tool 1291 has any suitable
configuration for cleaning the wheel 111W. For non-lim-
iting exemplary purposes only the wheel cleaning tool
1291 includes an end effector mount that couples the
wheel cleaning tool 1291 to the end effector 128 of the
at least one robotic arm 126. The wheel cleaning tool
1291 includes one or more of brushes, sponges, towels,
spray nozzles, etc. that engage the wheel 111W to re-
move dirt, grime, and grease from the wheel 111W. The
wheel cleaning tool 1291 is positioned relative to the
wheel 111W through articulation of the at least one ro-
botic arm 126, which is guided by sensor information from
any suitable sensors such as those described herein, to
effect cleaning the wheel 111W. In other aspects the
wheel cleaning tool 1291 has any suitable configuration
and/or components for cleaning the wheel. The wheel
cleaning tool 1291 may clean the wheel 111W with the
wheel 111W mounted in situ on the vehicle 110 or with
the wheel 111W removed from (i.e., located off of) the
vehicle 110.
[0035] The lug wrench 129J has any suitable configu-
ration for installing or removing lug bolts 350 or lug nuts
351 from the wheel hub so as to remove or install the
wheel 111W and tire 111T (or tire assembly 111) from
and to the vehicle 110. In one aspect, the lug wrench
129J may be substantially similar to those described in
United States patents 5,125,298 and 9,757,828, and
United States pre-grant publication 2017/0334073, the
disclosures of which were previously incorporated herein
by reference in their entireties. Here, any suitable sen-
sors, such as those described herein, are employed to
identify positions and orientations of the lug bolts 350 or
lug nuts 351. Based on the identified position and orien-
tation of the lug bolts 350 or lug nuts 351, the lug wrench
129J, through articulation of the at least one robot arm
126, threads or unthreads the lug bolts 350 or lug nuts
351 onto the wheel hub of the vehicle 110. In other as-
pects the lug wrench 129J has any suitable configuration
and/or components for installing or removing the lug bolts
350 or lug nuts 351.
[0036] The tire balancing bead dispenser 129K has

any suitable configuration for inserting tire balancing
beads inside the tire 111T before the tire bead 300 is
seated on the flange 310 of the wheel 111W. For non-
limiting exemplary purposes only the tire balancing bead
dispenser 129K includes an end effector mount that cou-
ples the tire balancing bead dispenser 129K to the end
effector 128 of the at least one robotic arm 126. For ex-
emplary purposes only, in one or more aspects, the tire
balancing bead dispenser 129K includes any suitable
hopper from which loose tire balancing beads are dis-
pensed into the tire 111T. The tire balancing bead dis-
penser 129K is positioned relative to the tire 111T and
wheel 111W through articulation of the at least one ro-
botic arm 126, which is guided by sensor information from
any suitable sensors such as those described herein, to
effect dispensing of the tire balancing beads (such as
through a nozzle) into the tire 111T. As another example,
in one or more aspects, the tire balancing bead dispenser
129K includes any suitable hopper in which pre-pack-
aged bags of tire beads are stored. In this example, a
robotic arm 126, 126A of the bot 120 is configured to
remove an appropriate number of the pre-packaged bags
of tire beads from the hopper for insertion into the tire
111T without breaking the bags, where the bag breaks
apart from vehicle motion (e.g., after the tire is installed
on the vehicle and the vehicle is driven) releasing the tire
beads, and where the bag disintegrates completely over
time. In other aspects the tire balancing bead dispenser
129K has any suitable configuration and/or components
for dispensing the tire balancing beads into the tire 111T.
In one aspect, the tire balancing bead dispenser 129K is
configured to dispense tire balancing beads into the tire
111T with the wheel 111W mounted in situ on the vehicle
110 and prior to seating the tire bead 300 of the tire 111T
against the wheel 111W; while in other aspects, the tire
balancing bead dispenser 129K is configured to dispense
tire balancing beads into the tire 111T with the wheel
111W removed from (i.e., located off of) the vehicle 110
and prior to seating the tire bead 300 of the tire 111T
against the wheel 111W.
[0037] The tire inflation tool 129L has any suitable con-
figuration for inflating tire 111T (which sets the tire bead
300 to the wheel flange 310). For non-limiting exemplary
purposes only the tire inflation tool 129L includes an end
effector mount that couples the tire inflation tool 129L to
the end effector 128 of the at least one robotic arm 126.
In one or more aspects, the tire inflation tool includes a
valve nozzle substantially similar to a conventional tire
inflator that couples with the valve stem for inflating the
tire 111T. As may be realized, a compressed air source
(e.g., tank, compressor, etc.) is coupled to the valve noz-
zle to provide air (or nitrogen or other gas) to inflate the
tire 111T. The tire inflation tool 129L is positioned relative
to the valve stem 2100 through articulation of the at least
one robotic arm 126, which is guided by sensor informa-
tion from any suitable sensors such as those described
herein, to effect inflation of the tire 111T. In one or more
other examples, the tire inflation tool 129L comprises a
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bead blaster nozzle. The bead blaster nozzle is posi-
tioned at a seam between the tire bead and the wheel
flange in a manner similar to that described above. The
bead blaster nozzle releases (from the compressed air
source noted above) a short but high volume "blast" of
gas (air, nitrogen, etc.) inside of the tire at the seam to
rapidly inflate the tire and seat the bead against the wheel
flange. In one or more other examples, the bead blaster
nozzle is used in tandem with the valve nozzle where the
bead blaster nozzle seats the bead and the valve nozzle
adjusts the pressure inside the tire to a predetermined
specified pressure (such as specified by the vehicle man-
ufacturer or tire manufacturer). In other aspects the tire
inflation tool 129L has any suitable configuration and/or
components for inflating the tire 111T. In one aspect, the
tire inflation tool 129L on articulation of the at least one
robotic arm 126 inflates/seats the bead of the tire 111T
mounted to the wheel 111W with the wheel 111W mount-
ed in situ on the vehicle 110; while in other aspects, the
tire inflation tool 129L on articulation of the at least one
robotic arm 126 inflates/seats the bead of the tire 111T
mounted to the wheel 111W with the wheel 111W re-
moved from (i.e., located off of) the vehicle 110.
[0038] The tire balancer 129M has any suitable con-
figuration for balancing the wheel assembly 111. For non-
limiting exemplary purposes only tire balancer 129M in-
cludes an end effector mount that couples the tire bal-
ancer 129M to the end effector 128 of the at least one
robotic arm 126. The tire balancer 129M is configured to
equalize a combined weight of the tire 111T and the
wheel 111W with the tire 111T and wheel 111W (i.e.,
wheel assembly 111) spinning at wheel operating speeds
of about 60 mph or greater (in other aspects the operating
speeds may be less than about 60 mph). In one aspect,
the tire balancer 129M is configured to balance the wheel
assembly 111 off of the vehicle 110 and may be substan-
tially similar to a conventional tire balancer but carried
by the at least one robotic arm 126; while in other aspects,
the tire balancer 129M is configured to balance the wheel
assembly 111 on or in situ the vehicle 110 and includes
rollers that drive rotation of the wheels assembly 111 for
determining where to place wheel weights, and a wheel
weight dispenser (such as one of the robotic arm 126,
126A that picks wheels weights from a hopper and ap-
plies them to the wheel in locations identified by the tire
balancer 129M) to place the wheels weights onto the
wheel 111W. In other aspects the tire balancer 129M has
any suitable configuration and/or components for balanc-
ing the wheel assembly 111.
[0039] Referring again to Figs. 1 and 10, the tire chang-
ing system 100 includes a control architecture 1000 hav-
ing a control console 1010 (including suitable processors
and memory for controlling aspects of the tire changing
system 100 as described herein - noting the memory is
any suitable memory accessible by the processors such
as a memory resident within the tire changing system
100 or a cloud based memory as described herein) com-
municably connected (e.g., wirelessly, through wires, is

carried by, or remotely located) to the devices 1020A-
1020n. In the aspect illustrated in Fig. 1 the control con-
sole 1010 is disposed on the floor 198 and is remotely
connected (through wither a wired or wireless connec-
tion) to the devices 1020A-1020n. Referring to controller
160 of the bot 120, for exemplary purposes, the controller
160 (including suitable processors and memory 161 for
controlling operations of the bot 120 as described herein)
is in communication with the control console 1010 and
is communicably connected (e.g., wirelessly, through
wires, is carried by, or remotely located) to the carriage
drive section 121 and the bot drive section 127 so as to
effect traverse of the bot 120 along the traverse path
effecting dynamic positioning of the at least one robotic
arm 126 relative to a variable position of the vehicle 110
with the wheel 111W or tire 111T mounted thereon. For
example, in a service facility the vehicle service techni-
cian 199 drives the vehicle 110 into a service bay. As
may be realized, there is nothing to locate the vehicle
110, in the service bay, at any particular location (e.g.,
the vehicle may never be located in the same place twice)
such as would be the case in a vehicle assembly line
where the vehicle is carried by a conveyor and stopped
at designated/predetermined positions (with respect to
assembly automation) for assembly operations. Moreo-
ver, vehicles that are serviced in service facilities have
varying wheel bases, varying wheel tracks, varying ride
heights, varying camber, varying caster, etc. from vehicle
to vehicle (e.g., many different makes and models of ve-
hicles are serviced in the same service bay in any given
amount of time one after the other), unlike in a vehicle
assembly line where assembly operations are performed
on the same make and model vehicle. As such, in service
facility operations, within any given service bay (e.g., tire
changing station 101), the vehicle 110 (and the compo-
nents thereof) has a dynamically varying position (that
changes from vehicle to vehicle, or even for the same
vehicle each time that vehicle is driven into and parked
within the service bay) with respect to the tools/machines
within the tire changing station 101. Here, the dynamic
positioning of the at least one robotic arm 126 relative to
the variable position of the vehicle 110 with the wheel
111W or tire 111T mounted thereon is disposed so that
articulation of the at least one robotic arm 126 engages
the wheel or tire engagement tool 129 to the wheel 111W
or tire 111T on the vehicle 110 in the variable position.
[0040] For determining the variable position of the ve-
hicle 110, the automated tire changing system 100 in-
cludes any suitable electromagnetic radiation and/or op-
tical mapping sensors (e.g. laser scanners, 3-D time of
flight cameras, etc.) so as to map the tire changing station
101, or at least a portion thereof, for improved automation
positioning relative to the vehicle. For example, in one
aspect, the automated tire changing system 100 includes
a vision system 162 having any suitable number of cam-
eras 163, 163A, 163B positioned around or within (in
some aspects one or more of the cameras are mounted
on the bot 120 as described below) the tire changing
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station 101 for detecting and reconstructing the tire
changing station 101 environment to facilitate robotic in-
teraction with vehicle 110 where the controller receives
information/data from the vision system 162 and deter-
mines a three-dimensional (3-D) virtual environment
where the 3-D virtual environment could represent the
tire changing station 101, in which the bot 120 operates,
including a plurality of 3-D virtual objects corresponding
to respective physical objects (e.g., the vehicle 110, tires
111T, wheels 111W, lift 170, bots 120 and other features
of the tire changing station 101 as described herein) in
the physical environment. The controller could also de-
termine two dimensional (2-D) images of the tire chang-
ing station 101 including 2-D depth maps. The controller
determines portions of the 2-D images that correspond
to a given one or more physical objects, such as the bot
120, the tires 111T, and the wheels 111W where 3-D
models of the bot 120, tires 111T, and wheels 111W are
generated based on the portion and the 2-D depth maps.
The controller instructs the bot 120 to engage the tires
111T and wheels 111W for changing the tires 111T as
described herein. In one aspect, the virtual environment
is updated/generated from real time three dimensional
imaging data (e.g. point cloud data) from the vision sys-
tem 162.
[0041] The vision system 162, of the automated tire
changing system 100, informs and enables the controller
160 so as to provide, real time command inputs to the
bot(s) 120 that are responsive, in real time to variances
in vehicle 110 position, variances in wheel assembly 111
(and components thereof as described herein) position,
variances in tire 111T position, variances in wheel posi-
tion 111W, and variances in positions other features of
the automated tire changing system 100 (referred to
herein as "tire changing variances") so that the bot(s)
120 is/are adaptive in real time resolving tire changing
variances, affecting the tire changing process, (automat-
ically and/or in cooperation/collaboration with vehicle
service technician 199 assistance) in a time optimal man-
ner so as to effect the tire change process in time optimal
manner. The adaptive tire changing automation, facilitat-
ed by the real time vision system assistance, is also re-
sponsive to identify and correct deviant tire changing con-
ditions (automatically and/or in cooperation/ collabora-
tion with user assist) obstructing or impeding time optimal
tire changing process.
[0042] The cameras 163, 163A, 163B are configured
so as to effect three-dimensional imaging of each wheel
assembly 111 and respective portion of the vehicle 110
and track, in the real-time updated three-dimensional im-
age, a position of the bot 120 and the assembly and dis-
assembly (e.g., tire changing) process of the wheel as-
sembly 111 (e.g., the wheel 111W, tire 111T, valve stem
2100, valve stem cap 2101, etc.). The cameras 163A-
163D (see Fig. 2B) may be placed so as to image four
corners of the vehicle 110 so as to three dimensionally
map substantially an entirety of the tire changing station
10 (e.g., each camera has a field of view to image at least

two sides of the vehicle 110) for resolving the features
of the bot 120 and the wheel assemblies 111 (and the
components thereof). As noted above, the different ve-
hicles 110 serviced by the tire changing station 101 are
not located in a predetermined location and the position
of each vehicle 110 driven into the tire changing station
101 varies as noted above. The controller 160, based on
imaging data obtained from the vision system 162, is con-
figured to register the variable position of the vehicle 110,
register a variable position of the wheel 111W or tire 111T
on the vehicle 110 (noting the variable position that may
change during the tire changing operation, such as due
to vehicle suspension movement, steering movement,
wheel hub rotation, etc.) defined by the variable position
(e.g., record the position within the tire changing station
101 of the vehicle 110, each tire 111T to be changed,
and each wheel 111W corresponding to the tire 111T to
be changed in the memory 161 for later access when
commanding bot 120 movements), or register a position
of a label or other marker 377 placed on the wheel 111W
or tire 111T by, for example, the service technician 199.
The label or marker 377 is, in one or more aspects, a
removable barcode or symbolic label that is applied to
each wheel 111W (or in some aspects to a fender of the
vehicle 110 above or adjacent to a respective wheel
111W) to indicate, upon recognition by one or more of
the vision systems described herein, where the bot 120
should "look" for each wheel. The label or marker 377
reduces time spent by the vision system(s) to scan and
identify the wheel assemblies 111 and parts thereof.
[0043] In one or more aspects, a vision system 130 is
configured not necessarily to image the bot 120 or sur-
face/tracks upon which the bot 120 traverses, but rather
the vision system 130 is configured to image the wheel
111W and/or tire 111T (e.g., the wheel assembly 111 or
components thereof), with the bot 120 making adjust-
ments based on information from the vision system 130
in real time. For example, the bot 120 includes the vision
system 130, which vision system 130 is coupled to the
controller 160. The vision system 130 includes one or
more cameras 131 mounted to the at least one robotic
arm 126 and the carriage 120C. The vision system 130
and cameras 131 are substantially similar to vision sys-
tem 162 and cameras 163 described above; however,
here the one or more cameras 131 are mounted on the
bot 120 for creating the 3-D map of at least a portion of
the tire changing station 101. In one aspect, the bot 120
may traverse around the periphery/perimeter (or a por-
tion thereof) of the tire changing station 101 so as to map
one or more sides of the vehicle to effect a tire change
as described herein. In other aspects, the vision system
130 may dynamically map a localized portion of the tire
changing station 101 in which the bot 120 operates,
where the localized portion of the tire changing station
mapped by the vision system 130 is dynamically updated
in real time as the bot 120 moves within the tire changing
station 101. In still another aspect, the vision system 130
may be collaborative with vision system 162 so that data

19 20 



EP 3 909 794 A1

13

5

10

15

20

25

30

35

40

45

50

55

from both visions systems 130, 162 is used by the con-
troller 160 to globally map the entire tire changing station
101 (e.g., from vision system 162 data) and locally map
a portion of the tire changing station 101 (e.g., from vision
system 130 data). In one aspect, the controller 160,
based on imaging data obtained from the vision system
130, is configured to register the variable position of the
vehicle 110, or register a variable position of the wheel
111W or tire 111T on the vehicle 110 defined by the var-
iable position (e.g., record the position within the tire
changing station 101 of the vehicle 110, each tire 111T
to be changed, and each wheel 111W corresponding to
the tire 111T to be changed in the memory 161 for later
access when commanding bot 120 movements).
[0044] In one aspect, the carriage 120C has any suit-
able positioning sensors 132, and the controller 160 is
configured to register the variable position of the vehicle
110, or register a variable position of the wheel 111W or
tire 111T on the vehicle 110 defined by the variable po-
sition based on data from the positioning sensors 132.
In one aspect, the positioning sensors may be any suit-
able sensor including, but not limited to, sonic sensors,
light detection and ranging sensors, or any other suitable
ranging sensors configured to effect determination of a
spatial positioning between objects. In one aspect, the
positioning sensors 132 may be used in conjunction with
one or more of the visions systems 130, 162; while in
other aspects one or more of the vision systems (such
as vision system 130) forms at least one sensor of the
positioning sensors 132.
[0045] With reference to Figs. 1 and 3, at least one of
the vision systems 130, 162 is configured to identify a
lug pattern 366 (i.e., the layout of the wheel mounting
holes expressed as the number of lugs by the diameter
of the imaginary circle 366C formed by the center of the
lugs) of the wheel 111W. At least one of the vision sys-
tems 130, 162 is configured to identify a size (e.g., a head
size so as to select a corresponding socket or wrench
for removal/installation) of lug bolts 350 or lug nuts 351
coupling the wheel 111W to the vehicle 110. Identifying
the lug pattern 366 and size of the lug bolts 350 or lug
nuts 351 provides for selection of or automated adjust-
ment, for example, the lug wrench 129J to effect removal
or installation of the wheel 111W (and wheel assembly
111) from or to the vehicle 110.
[0046] With reference to Figs. 1 and 3, in one aspect,
at least one of the vision systems 130, 162 is configured
to, with the controller 160, read tire sidewall information
371 of the tire 111T mounted to the wheel 111W (with
the wheel 111W mounted in situ on the vehicle 110 or
removed from (i.e., located off of) the vehicle 110) to iden-
tify tire information (e.g., tire size, max inflation pressure,
speed rating, direction of rotation, etc.) and/or depart-
ment of transportation (DOT) codes/information. Identi-
fication of the information provides for selection of and
verification of a replacement tire for installation on the
wheel 111W. In one aspect, at least one of the vision
systems 130, 162 is configured to, with the controller 160,

identify a make and model of the vehicle 110 to effect
retrieval of original equipment (OEM) tire information for
the vehicle 110 from a memory (e.g., stored in a database
within memory 161 or a memory otherwise accessible
by the controller 160). Identification of the vehicle make
and model and retrieval of the OEM tire information pro-
vides for selection of and verification of a replacement
tire 111TN for installation on the wheel 111W. In one
aspect, at least one of the vision systems 130, 162 is
configured to, with the controller 160, inspect the wheel
111W for one or more of damage 333 (Fig. 3; e.g., bent
wheel flanges, cracks, etc.) and corrosion 334 (Fig. 3;
e.g., pitting, rust, etc.) so that the wheel is cleaned, re-
paired, or replaced depending on an extent of the dam-
age and/or corrosion. One or more of the above "inspec-
tions" may be performed during a tire change with the
wheel 111W mounted in situ on the vehicle 110 or with
the wheel 111W removed (i.e., located off of) from the
vehicle 110.
[0047] In one aspect, at least one of the vision systems
130, 162 is configured to, with the controller 160, read
tire sidewall information 371, which in one or more as-
pects includes department of transportation (DOT)
codes/information, of a replacement or new tire 111TN
to verify the replacement or new tire 111TN is a correct
size based on one or more of the identified tire information
and the original equipment tire information. In one aspect,
at least one of the vision systems 130, 162 is configured
to, with the controller 160, read tire sidewall information
371 of the replacement or new tire 111TN to verify a
rotation direction of the replacement or new tire so that
the replacement or new tire 111TN is installed properly
on the vehicle 110. In one or more aspects, the depart-
ment of transportation (DOT) codes/information read by
the vision system is associated with the vehicle 110 on
which the tires are mounted and stored in any suitable
database, such as for example a database in memory
161 (or other suitable memory) in associated with the
vehicle information (e.g., vehicle identification number,
make, model, etc.),
[0048] Referring to Figs. 1 and 2A, and as noted above,
the bot 120 traverses the floor 198, in one or more as-
pects, without physical constraints (e.g., the carriage
120C is configured for autonomous guidance and unre-
stricted traverse on an undeterministic surface 198S of
the traverse surface or the floor 198). Fig. 2A illustrates
an example where two bots 120 are illustrated (in other
aspects there may be more or less than two bots 120)
traverse the floor 198 without physical constraints and
along a traverse path 299. The traverse path 299 may
be defined in any suitable manner such as with one or
more guidelines 233, 234 disposed on the floor 198. In
one aspect, the positioning sensors 132 on the carriage
120C include line following sensors configured to identify
the guidelines 233, 234 so that the bot 120, under control
of controller 160, travels the traverse path 299 along the
guideline (s) 233, 234. In the example shown in Fig. 2A
the traverse path 299 extends around a perimeter of the

21 22 



EP 3 909 794 A1

14

5

10

15

20

25

30

35

40

45

50

55

tire changing station 101 so as to extend around and
allow for bot 120 travel around all four sides of the vehicle
110. In other aspects, the bot(s) 120 are configured to
traverse along the traverse path 299 using any suitable
form of navigation. For example, referring also to Figs.
5-8, in one aspect the bot 120 includes a navigation sys-
tem 133 configured for one or more of simultaneous lo-
cation and mapping (SLAM) navigation, beacon naviga-
tion, markers and beacon navigation, and ad hoc route
marker navigation.
[0049] Referring also to Fig. 5, in one aspect the nav-
igation system 133 includes a SLAM navigation system
that provides the bot 120 a global coordinate or reference
frame REF with respect to the tire changing station 101.
Here the bot 120 guidance is effected through a coordi-
nate system that lacks physical markers or beacons.
[0050] Referring also to Figs. 6-8, in one aspect, the
navigation system 133 includes one or more of a marker
detecting sensor(s) 133A and/or a beacon sensor(s)
133B. In one aspect the marker detecting sensor(s) 133A
are configured to detect the position of a marker such as
a retro-reflective tape (or other suitable marker such as
a capacitive or inductive marker or other optical marker
(referred to as markers 712) including but not limited to
barcodes that in one aspect form one or more guidelines
233, 234) laid on the floor 198 (e.g. on the undeterministic
traverse surface of the floor) and/or on any other suitable
surface such as the walls of the service facility and/or on
the vehicle 110 or other components of the tire changing
station 101 (e.g., such as on automated or semi-auto-
mated tire changing machines 182 and automated or
semi-automated tire balancing machines 183, tire stor-
age racks/carts 187, etc.). In one aspect the marker de-
tecting sensor(s) 133A include one or more of a photo-
diode-based sensor, one or more radiation sources (e.g.,
LEDs), inductive sensors, capacitive sensors, barcode
reader, etc. to detect the marker. In one aspect the bea-
con sensor 133B includes any suitable transmitter and/or
receiver configured to actively or passively detect any
suitable radio frequency beacons 612 (or other suitable
beacon such as an infrared, laser or other optical bea-
con). As can be seen in Fig. 6, for example, the navigation
system 133 includes a plurality of active (e.g. having a
radio frequency or other (e.g., infrared) beacon transmit-
ter) or passive (e.g. configured to passively return a sig-
nal) beacons or tags 612 that are located at any suitable
location of the tire changing station 101 (e.g., such as on
automated or semi-automated tire changing machines
182 and automated or semi-automated tire balancing
machines 183, tire storage racks/carts 187, etc.). In this
case, the beacon sensor(s) 133B are configured to detect
signals from beacons or detect the beacons themselves
for locating the bot 120 relative to the vehicle 110 or any
other component of the tire changing station 101 (e.g.,
such as other bots 120, automated or semi-automated
tire changing machines 182 and automated or semi-au-
tomated tire balancing machines 183, tire storage
racks/carts 187, etc.). By way of example, where bea-

cons 612 are used, each bot 120 should secure a line of
sight to one or more beacons 612, for example, an origin
and/or destination beacon could be visible (either opti-
cally or through radio waves) to the bot 120 for at least
a period of time. The bot 120 moves directly from one
beacon (e.g. the origin beacon) toward the other (e.g.
the destination beacon) unless an obstacle intervenes at
which time the bot positioning sensors 132 or vision sys-
tem 130 may provide the controller with suitable data for
avoiding the obstacle and continuing along the traverse
path 299. In one aspect each beacon 612 establishes a
respective coordinate system, where the beacon is the
origin of the respective coordinate system. Angular en-
coding (or any other suitable encoding) is employed to
specify the axes of the beacon coordinate system. Angle
encoding can also enable other useful properties.
[0051] Referring to Fig. 7, in one aspect, the navigation
system 133 includes shorter range active or passive bea-
cons 612 (which are substantially similar to those de-
scribed above) and pathways established by any suitable
markers 712 (such as those described above) attached
to, for example, the floor and/or other suitable surface
such as walls of the service facility and/or on the vehicle
110 and/or other components of the tire changing station
101 (e.g., such as on automated or semi-automated tire
changing machines 182 and automated or semi-auto-
mated tire balancing machines 183, tire storage
racks/carts 187, etc.), so that the bot(s) 120 are provided
with a rough global reference frame REF. Here the bea-
con 612 and marker 712 arrangement simplifies sensor
range requirements compared to SLAM navigation.
[0052] Referring also to Fig. 8 the navigation system
133 includes, in one aspect, an ad hoc marker system
including one or more markers 816 laid on the floor and/or
other suitable surface (such as walls of the service facility
and/or on the vehicle 110 or other components of the tire
changing station 101 (e.g., such as on automated or
semi-automated tire changing machines 182 and auto-
mated or semi-automated tire balancing machines 183,
tire storage racks/carts (also referred to as supply carts)
187, etc.)), in some cases temporarily. A route marker
816 indicating a bot 120 traverse path 299 is employed
in situations where either a line of sight between beacons
does not exist or traveling in a straight path between bea-
cons is not desired. For example, a route marker enables
a bot 120 to avoid an obstacle within the tire changing
station 101. As may be realized, the bot 120 can illumi-
nate, for example, a tape or line using, e.g., conventional
infrared (IR) light emitting diodes (LEDs). In one aspect,
the bot 120 detects the tape or line using a position-sen-
sitive detector (e.g., of the positioning sensors 132) com-
posed of discrete components (i.e., not a camera) to ser-
vo on the tape or line. The detector measures the degree
of retro-reflectivity in view to eliminate false positives. In
one aspect, the bot 120 servo on the line directly. In one
aspect, the bot 120 can servo at any selected offset with
respect to the line. Offset servoing enables two important
properties. When placing the line to mark the bot 120
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traverse path 299, vehicle service technicians 199 need
not allow space between the line and objects (such as
the vehicle, semi-auto automated or mated tire changing
machine 182, automated or semi-automated tire balanc-
ing machine 183, etc.). Any time the bot 120 finds its path
partially blocked by an object, the bot 120 will increase
its offset from the line so that it can follow the line without
colliding with the object. A second feature enabled by
offset following allows two bots 120 that meet while
traveling along the line in opposite directions to avoid
collision. When the bots 120 determine that a collision is
imminent, each can offset its position relative to the line.
The bots 120 can thus pass without obstructing each
other.
[0053] As may be realized, in one aspect the bot(s)
120 employs one or more of the navigation systems de-
scribed herein for navigating the tire changing station 101
and transporting tires 111T, wheel assemblies 111,
wheels 111W, etc. from one location to another. In other
aspects, the bots 120 include any suitable locating sys-
tem, such as internal GPS that locates the bot 120 within
the tire changing station 101 space such that the bot 120
and/or controller 160 knows where the location and pose
of the bot 120 is within the tire changing station 101 as
desired.
[0054] In one or more aspects, referring to Fig. 2D,
navigation of the bot 120 is simplified by providing one
or more rails or tracks 236 and configuring the carriage
120C to travel along the rails 236. For example, referring
to Figs. 1 and 2D, the bot 120 traverses the rails 236
which are disposed along one or more sides of the vehicle
110. In one or more aspects, carriage 120C is configured
as a multi-stage carriage (in a manner similar to that de-
scribed above) that moves as a unit (i.e., all stages of
the multi-stage carriage move together) in direction 237
along the rail(s) 236 and a stage of the carriage 120C
moves in direction 238 in a direction transverse to the
rail(s) 236 so that the at least one robotic arm 126 is
moved, by the stage towards and away from the vehicle
independent of movement of the at least one robotic arm
126. Fig. 2D illustrates an example where two bots 120
are illustrated (in other aspects there may be more or
less than two bots 120) traversing the floor 198 along the
traverse path 299 and being guided by rail(s) 236. In this
aspect, the traverse path 299 is defined by the rail(s) 236.
In the example shown in Fig. 2D the traverse path 299
extends around a perimeter of the tire changing station
101 so as to extend around and allow for bot 120 travel
around all four sides of the vehicle 110.
[0055] Referring to Figs. 1, 2B, and 2C, in one aspect,
as noted above, the bot(s) 120 are configured to traverse
along the traverse path 299 via physical constraints (e.g.,
the carriage 120C is rail or track guided). Non-limiting
examples of the tire changing station 101 with bots 120
having carriages 120C that are track guided as shown in
Figs. 2B and 2C. In Fig. 2B, the tire changing station 101
includes sets of tracks 222A, 222B extending along the
driver and passenger sides of the vehicle 110. Each set

of tracks 222A, 222B has two bots 120 disposed thereon
(in other aspects there may be more or less than two bots
120) for travelling along a respective traverse path 299
defined by the respective set of tracks 222A, 222B. In
this aspect, the tire changing system 100 includes supply
carts 187 (which will be described in greater detail herein)
on which tires (replacement tires or tires removed from
the vehicle) are stored. The bots 120 are configured to
pick and place tires 111T from and to the supply carts
187 for effecting a tire change. The bots 120 in this ex-
ample (as well as the other examples described herein
where there are multiple bots 120) are, in one aspect,
configured to collaboratively work with each other such
as to pass tires 111T from the carts 187 to bots 120 that
may not have access to the carts 187 due to, for example,
a configuration of the tracks 222A, 222B (or for any other
suitable collaborative tire changing tasks).
[0056] Fig. 2C illustrates a tire changing station 101
having a single bot 120 (in other aspects there may be
more than one bot 120) traversing along a set of tracks
222 that extends along both the passenger and driver
sides of the vehicle 110 allowing the single bot 120 to
change all four vehicle tires. Referring also to Fig. 1, in
this example the tire changing system 100 includes au-
tomated or semi-automated tire changing machine(s)
182 and automated or semi-automated tire balancing
machine(s) 183 where the bot 120 is configured to re-
move a wheel assembly 111 from the vehicle and trans-
port the wheel assembly 111 to the tire changing machine
182. Here, the end effector 128, with the wheel or tire
engagement tool 129 coupled thereto, on articulation of
the at least one robotic arm 126 is configured to place
the wheel 111W, with the tire 111T mounted thereto, on
the automated (or semi-automated) tire changing ma-
chine. In the case of removing the tire 111T from the
wheel 111W, the bot end effector 128 is configured to
remove the tire 111T (e.g., a used or old tire 111TU),
uninstalled from the wheel 111W by the automated (or
semi-automated) tire changing machine 182, from the
tire changing machine 182. In the case of installing the
tire 111T to the wheel 111W, the end effector 128 is con-
figured to place another tire 111T (e.g., a replacement
tire 111TN) on the automated (or semi-automated) tire
changing machine 182 for installation of the other tire
111TN to the wheel 111W by the tire changing machine
182. The end effector 128, with the wheel or tire engage-
ment tool 129 coupled thereto, on articulation of the at
least one robotic arm 126 is configured to place the wheel
111W, with the other tire 111TN mounted thereto, on the
automated (or semi-automated) tire balancing machine
183. Here, in one or more aspects, one of the robotic
arms 126, 126A picks wheels weights from a hopper and
applies them to the wheel in locations identified by the
tire balancing machine 183. Once balanced the wheel
assembly 111 may be installed on the vehicle 110 by the
bot 120.
[0057] As may be realized (and shown in Figs. 1, 2A,
and 5-8) the tire changing system 100 is configured, in
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some aspects, to provide both in situ tire changes with
the wheel 111W mounted in situ on the vehicle 110 and
tire changes performed by the tire changing machine(s)
182 and tire balancing machine(s) 183 with the wheel
111W removed (i.e., located off of) the vehicle 110. The
configuration of the tire changing system 100 between
in-situ tire changes and tire changes with the wheel 111W
removed from the vehicle may be effected through the
control console 1010. For example, as noted above, the
vehicle service technician 199 may select an in-situ tire
change and/or a tire change with the wheel 111W re-
moved from the operator graphical user interface 1004.
The operator graphical user interface 1004, in one as-
pect, is also configured to allow the vehicle service tech-
nician 199 to select which tires (e.g., passenger front,
passenger rear, drive front, or drive rear) are to be
changed in-situ or by removing the wheel 111W so that
in-situ and removed wheel tire changes are performed
on a common vehicle.
[0058] The control console 1010 is also configured,
such as through inputs on the operator graphical user
interface 1004, so that the vehicle service technician 199
selects which tire change operations are to be performed.
For example, the vehicle service technician 199 may se-
lect, and the control console 1010 is configured to effect
such selection, a type of balancing to be performed on a
tire (e.g., wheel weights, tire beads, etc.), whether a valve
core is replaced, which tires are to be replaced, the
make/model/size of tire to be installed, whether some tire
change operations are to be performed manually or in a
semi-autonomous manner, etc. In some aspects, there
are pre-programmed tire change routines 1061 corre-
sponding to a respective type of vehicle (car, truck, sports
car, make, model, etc.), a respective type of wheel or tire,
and or a respective customer that are stored in a memory
such as database 1060. These pre-programmed tire
change routines 1061 are selectable by the vehicle serv-
ice technician 199 through, for example, the operator
graphical user interface 1004 and specify a tire change
recipe (which tire change processes are to be performed
and whether or not one or more tires are changed in-situ
or changed by removing the wheel).
[0059] Referring to Figs. 1, 2A-2C, and 5-8, in one as-
pect, the automated tire changing system 100 includes
supply carts 187 configured to hold tires 111T, wheels
111W, and or wheel assemblies 111. In one or more as-
pects, one or more of the supply carts 187 are manual
carts that are moved from location to location by, for ex-
ample, the vehicle service technician 199. In one or more
other aspects, one or more of the carts 187 is an auto-
mated cart having a cart drive section 188, where the
cart includes a controller 160’ and memory 161’, vision
system 130’, positioning sensors 132’, and navigation
system 163’, which are substantially similar to the con-
troller 160 and memory 161, vision system 130, position-
ing sensors 132, and navigation system 133 of the bot
120 (noting that manual and automated carts can be used
alongside each other). Here, the cart autonomously nav-

igates throughout the tire changing station 101 in a man-
ner substantially similar to that described above with re-
spect to bot 120. In still other aspects, one or more of the
carts 187 (such as the manual cart) is configured to be
towed by a bot 120 or an automated cart to a predeter-
mined location within the tire changing station 101.
[0060] Referring to Figs. 1 and 4, the lift 170 of the
automated tire changing system 100 is configured to ad-
just for the variable position of the vehicle 110 as the
vehicle is driven into the tire changing station 101. For
example, the lift 170 may be a conventional two post lift
or other vehicle lift having adjustable arm/supports that
are variably positioned underneath the vehicle so that
when the lift 170 is actuated the lift 170 moves the vehicle
in a vertical direction to raise the tires 111T of the vehicle
110 off of the traverse surface or the floor 198 so as to
effect changing of the tire(s) 111T. In other aspects, as
illustrated in Fig. 4, the lift 170 comprises a set of ramps
400A, 400B located within the tire changing station 101.
The vehicle 110 is driven onto the ramps 400A, 400B
and vehicle supports 401, 402 (only two are shown, al-
though at least four are used) are positioned underneath
the vehicle 110. The vehicle supports 401, 402 are any
suitable vehicle supports such as jack stands, inflatable
air bladders/bags, pneumatic or hydraulic jacks, etc. con-
figured to support the weight of the vehicle 110. Each
ramp 400A, 400B includes a plurality of retractable ve-
hicle supports 450A-450n (where "n" denotes an integer
larger than 1 that sets an upper bound to the number of
retractable vehicle supports) arrayed along the length L
of the respective ramp 400A, 400B. Each of the retract-
able vehicle supports 450A-450n is manually or automat-
ically retractable so as to move vertically downward away
from a respective tire 111T so as to remove a normal
force exerted on the tire 111T by a tire support surface
407 of the ramps 400A, 400B so as to distance the tire
111T from the tire support surface 407 and effect chang-
ing of the tire. As can be seen in Fig. 4, the array of
retractable vehicle supports 450A-450n is such that one
or more retractable vehicle supports 450A-450n is posi-
tioned underneath a tire with the vehicle 110 at any po-
sition along the length L of the ramps 400A, 400B (i.e.,
the vehicle can be variably positioned anywhere along
the ramps 400A, 400B). The one or more retractable ve-
hicle supports 450A-450n positioned underneath any
one of the vehicle tires can be retracted to effect changing
of that tire. The ramps 400A, 400B have a height H that
places the vehicle at any suitable vertical position acces-
sible by the bots 120, which may be lower than a height
of the vehicle required for manually changing the tires.
[0061] As may be realized, the automated tire chang-
ing system 100, in one or more aspects, includes fencing
or other barriers 227 (see Fig. 2B) to substantially isolate
the vehicle service technician 199 from the bots 120 and
automated supply carts 187 when in operation. In some
aspects, the barriers 227 have any suitable interlock de-
vices that terminate power to specific axes of motion or
all axes of motion of the bot 120 (and any other automa-
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tion of the tire changing system 100) upon opening a door
to the barrier 227 and/or entering the barrier 227. In other
aspects, the bots 120 and automated supply carts 187
are configured to collaboratively operate with the vehicle
service technician 199 so as to hand off tires 111T,
wheels 111W, wheel assemblies 111, etc. to/from the
vehicle service technician 199.
[0062] The control architecture 1000 of the tire chang-
ing system 100 is configured to provide for the addition
or removal of tire change devices 1020A-1020n and/or
service bays in a plug-and-play type manner. For exam-
ple, the tire change system 100 is scalable so that as
service facility demand increases (or for any other rea-
son) additional bots 120, supply carts 187, barriers and
other devices 1020A-1020n as described herein can be
added to tire changing station 101 to increase throughout
without changing the control architecture and providing
a centralized control of the devices 1020A-1020n. As an
example, the control console 1010 and the devices are
configured with a pairing communication mode so that
the control console 1010 detects new (to be added) de-
vices 1020A-1020n where upon detection, the control
console 1010 receives device type and device configu-
ration information from the device 1020A-1020n and reg-
isters the device 1020A-1020n for use in the tire changing
system 100. The sensors onboard the devices 1020A-
1020B and/or vision system 162 may facilitate calibration
and/or collaborative operation of the newly added device
1020A-1020n within the tire changing system 100. Addi-
tional tire changing stations 101 can be added to the con-
trol console 1010 in a similar manner, such as by select-
ing an "add tire changing station 101" feature of the op-
erator graphical user interface 1004 and then making the
devices of the new (to be added) tire changing station
discoverable to the control console by employing the pair-
ing communication mode, where the devices are regis-
tered and associated with the new tire changing station.
In other aspects, where desired, each tire changing sta-
tion 101 may have a respective control console 1010.
[0063] In accordance with aspects of the present dis-
closure a tire change method will be described with ref-
erence to Figs. 1, 3, 4, and 9A-9C. In some aspect, the
method includes arresting or otherwise preventing rota-
tion of the wheel hubs of the vehicle so that the wheel
assemblies 111 or tires 111T can be removed. Prevent-
ing wheel hub rotation may be accomplished in any suit-
able manner, such as with any suitable mechanical de-
vice that actuates the braking system of the vehicle or
otherwise bars or stops wheel rotation on the vehicle 110.
In other aspects, the drive train of the vehicle prevents
rotation of the wheel hubs without using the mechanical
device noted above. At least one bot 120 as described
above is provided (Fig. 9A, Block 900). In one or more
aspects, one or more of cart(s) 187, tire balancing ma-
chine(s) 183, tire changing machine(s) 182, lift(s) 170,
and vision system(s) 162 are provided (i.e., one or more
of the tire changing station(s) 101 described above is/are
provided). The bot 120 traverses (Fig. 9A, Block 901)

along the traverse path 299, with the controller 160 com-
municably connected to the carriage drive section 121
and the bot drive section 127, to effect dynamic position-
ing of the at least one robotic arm 126 relative to a variable
position of the vehicle 110 with the wheel 111W or tire
mounted 111T thereon. In one aspect, the tire(s) 111T
of the vehicle 110 are raised off of the traverse surface
or the floor 198 (Fig. 9A, Block 902) so as to effect chang-
ing of the tire(s) 111T as described above. In other as-
pects, a normal force exerted on the tire 111T by the tire
support surface 407 is removed (Fig. 9A, Block 903) so
as to distance the tire 111T from the tire support surface
407 and effect changing of the tire as described above.
[0064] The variable position of the vehicle, or a variable
position of the wheel or tire on the vehicle defined by the
variable position is registered (Fig. 9A, Block 904) with
the controller 160 and at least the positioning sensors
132 of the carriage 120C (in some aspects the visions
system(s) 162 130 are also used to determine the vari-
able position(s) and effect registration of the variable po-
sition(s) with the controller 160 as described above). In
one or more aspects, the tire changing method includes
reading tire sidewall information 371 of the tire 111T
mounted to the wheel 111W (Fig. 9A, Block 905) to iden-
tify tire information (as described herein using one or
more of the visions system(s) 130, 162) with the wheel
111W mounted in situ on the vehicle 110 or with the wheel
111W removed from the vehicle 110. In one or more as-
pects, the tire changing method includes identifying a
make and model of the vehicle 110 to effect retrieval of
original equipment (OEM) tire information for the vehicle
110 (Fig. 9A, Block 906) from the memory 161 accessible
by the controller 160 (as described herein and using one
or more of the vision systems 130, 162).
[0065] The at least one robotic arm 126 is articulated,
under control of the controller 160, with the bot arm de-
gree of freedom effecting engagement contact of the
wheel or tire engagement tool 129 and the wheel 111W
or the tire 111T mounted on the vehicle 110 so as to
effect changing the tire 111T with the bot 120 (Fig. 9,
Block 907). As may be realized from the present disclo-
sure, a tire change can be performed with the wheel
111W mounted in situ on the vehicle or with the wheel
111W removed from the vehicle. For example, with the
wheel 111W mounted in situ on the vehicle 110, the tire
111T is dismounted from the wheel (Fig. 9B, Block 908)
by the bot 120 using the at least one wheel or tire en-
gagement tool 129 (such as the tire mounting/dismount-
ing tool 129E). To dismount the tire 111T the tire is de-
flated (Fig. 9B, Block 915) with, for example, the tire de-
flation tool 129D and the bead 300 of the tire 111T is
broken from the wheel 111W (Fig. 9B, Block 916) with,
for example, tire bead breaker tool 129H. As may be re-
alized, in some aspects, deflation of the tire includes
valve stem cap removal and/or valve core removal as
described herein.
[0066] In one or more aspects, prior to or after removal
of the tire 111T from the wheel 111W, the wheel is in-
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spected for damage 333 and/or corrosion 334 (Fig. 9B,
Block 909) as described herein, using for example one
or more of the vision systems 130, 162. In one or more
aspects, the wheel 111W is cleaned (Fig. 9B, Block 910)
with, for example, wheel cleaning tool 1291.
[0067] In one or more aspects, tire sidewall information
371 of the new or replacement tire 111TN is read to verify
a size, speed rating, rotation direction, and/or department
of transportation (DOT) codes/information of the tire
111TN (i.e., to verify the new or replacement tire is a
correct tire for the vehicle 110) (Fig. 9B, Block 912) using,
for example, one or more of the vision systems 130, 162.
The tire 111TN is mounted on the wheel 111W (Fig. 9B,
Block 913) by the bot 120 using, for example, tire mount-
ing/dismounting tool 129E. Mounting the tire 111TN to
the wheel 111W includes, in some aspects, inflating the
tire, such as with tire inflation tool 129L. In one or more
aspects, mounting the tire 111TN to the wheel 111W in-
cludes valve stem cap installation and/or valve core in-
stallation as described herein. Where the wheel assem-
bly 111 is to be balanced using tire balancing beads, the
tire balancing beads are inserted by the bot 120 into the
tire 111TN (with the tire 111TN on the wheel 111W but
the tire bead 300 not being seated) or before the tire is
mounted to the wheel (Fig. 9B, Block 911); otherwise the
wheel assembly 111 is balanced (Fig. 9B, Block 914) by
the bot 120 by rotating the wheel assembly 111 and ap-
plying wheel weights as described herein, using for ex-
ample, tire balancer 129M.
[0068] Where the tire change occurs with the wheel
111W off of the vehicle 110, one or more of the vision
systems 130, 162 identify one or more of the lug pattern
366 and the size of the lug bolts 350 or lug nuts 351 (Fig.
9C, Block 917) so that the lug bolts 350 or lug nuts 351
are removed (Fig. 9C, Block 918) using, for example, lug
wrench 129J. The wheel 111W, with the used or old tire
111TU mounted thereto is removed from the vehicle 110
(Fig. 9C, Block 919), such as with wheel assembly grip
129A. In one aspect, the removed wheel assembly 111
is placed, by the bot 120, on an automated or semi-au-
tomated tire changing machine 182 (Fig. 9C, Block 920)
where the old tire 111TU is dismounted from the wheel
111W. The bot 120 removes the uninstalled tire 111TU
from the wheel 111W (Fig. 9C, Block 921) and retrieves
the new or replacement tire 111TN from cart 187 or any
other suitable tire holding area. The new tire 111TN is
placed on the wheel, at the automated or semi-automat-
ed tire changing machine 182 (Fig. 9C, Block 923) and
the tire 111TN is mounted to the wheel 111W and inflated
(Fig. 9C, Block 925) to form the wheel assembly 1111.
In one aspect, the bot 120 transfers the wheel assembly
111 from the tire changing machine 182 to the tire bal-
ancing machine 183 (Fig. 9C, Block 924) where the wheel
assembly 111 is rotated and wheel weights are applied
by the vehicle service technician 199 or by the bot 120
(as described herein); while in other aspects, where the
tires are to be balanced using tire balancing beads, the
bot 120 inserts tire balancing beads (either loose tire bal-

ancing beads or prepackaged beads as described here-
in) into the tire 111TN prior to the tire 111TN being mount-
ed on the wheel 11W by the tire changing machine 182.
The bot 120 transfers the balanced wheel assembly 111
to the vehicle 110 and installs the wheel assembly 111
to the vehicle 110 (Fig. 9C, Block 926), where the lug
bolts 350 or lug nuts 351 are installed (Fig. 9C, Block
927) by the bot 120. The method is performed or repeated
as necessary to change one or more tires of the vehicle
110.
[0069] In accordance with one or more aspects of the
present disclosure an autonomous traverse tire changing
bot comprises:

a carriage having:

a carriage frame,

wheels supporting the carriage frame, and

a carriage drive section with at least one motor de-
fining at least one degree of freedom powering at
least one of the wheels effecting autonomous
traverse of the carriage, along a traverse path, rela-
tive to a traverse surface or a floor on which the au-
tonomous traverse tire changing bot rests;

a bot frame including:

at least one robotic articulated arm mounted to the
carriage so that the bot frame traverses with the car-
riage as a unit along the traverse path, and

a bot drive section with a motor defining a bot arm
degree of freedom, separate and distinct from the at
least one degree of freedom,

wherein the at least one robotic articulated arm has
an end effector having a wheel or tire engagement
tool disposed so that articulation of the at least one
robotic articulated arm with the bot arm degree of
freedom effects engagement contact of the wheel or
tire engagement tool and a wheel or a tire mounted
on a vehicle; and

a controller communicably connected to the carriage
drive section and the bot drive section so as to effect
traverse of the autonomous traverse tire changing
bot along the traverse path effecting dynamic posi-
tioning of the at least one robotic articulated arm rel-
ative to a variable position of the vehicle with the
wheel or tire mounted thereon.

[0070] In accordance with one or more aspects of the
present disclosure the dynamic positioning of the at least
one robotic articulated arm relative to the variable posi-
tion of the vehicle with the wheel or tire mounted thereon
is disposed so that articulation of the at least one robotic
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articulated arm engages the wheel or tire engagement
tool to the wheel or tire on the vehicle in the variable
position.
[0071] In accordance with one or more aspects of the
present disclosure the carriage is track guided.
[0072] In accordance with one or more aspects of the
present disclosure the carriage is configured for auton-
omous guidance and unrestricted traverse on an unde-
terministic surface of the traverse surface or the floor.
[0073] In accordance with one or more aspects of the
present disclosure the carriage has positioning sensors,
and the controller is configured to:

register the variable position of the vehicle,

register a variable position of the wheel or tire on the
vehicle defined by the variable position, or

register a position of a label or other marker placed
on the wheel or tire.

[0074] In accordance with one or more aspects of the
present disclosure an arm articulation axis defined by
articulation of the at least one robotic articulated arm with
the bot arm degree of freedom is separate and distinct
from the traverse path.
[0075] In accordance with one or more aspects of the
present disclosure the at least one robotic articulated arm
includes more than one robotic arm, each of the more
than one robotic arm having a different respective arm
articulation axis, and a different respective end effector
disposed for working on the wheel or tire mounted on the
vehicle.
[0076] In accordance with one or more aspects of the
present disclosure the at least one wheel or tire engage-
ment tool is a tire mounting/dismounting tool that on ar-
ticulation of the at least one robotic articulated arm en-
gages the tire of the wheel mounted on the vehicle and
effects mounting of the tire on the wheel and dismounting
of the tire off the wheel with the wheel mounted in situ
on the vehicle.
[0077] In accordance with one or more aspects of the
present disclosure the autonomous traverse tire chang-
ing bot further comprises at least one vision system cou-
pled to the controller, the vision system being configured
to one or more of:

identify a location and orientation of one or more of
the wheel and tire;

read tire sidewall information of the tire mounted to
the wheel to identify tire information with the wheel
mounted in situ on the vehicle;

identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspect the wheel for one or more of damage and
corrosion with the wheel mounted in situ on the ve-
hicle;

read tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
mation;

read tire sidewall information of a replacement or
new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

read tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0078] In accordance with one or more aspects of the
present disclosure the end effector includes a tire defla-
tion tool that on articulation of the at least one robotic
articulated arm deflates the tire mounted to the wheel
with the wheel mounted in situ on the vehicle.
[0079] In accordance with one or more aspects of the
present disclosure the end effector comprises a valve
stem cap removal tool.
[0080] In accordance with one or more aspects of the
present disclosure the end effector further comprises a
valve core removal tool.
[0081] In accordance with one or more aspects of the
present disclosure the end effector comprises a tire bead
breaker tool that on articulation of the at least one robotic
articulated arm breaks a bead of the tire from the wheel
with the wheel mounted in situ on the vehicle.
[0082] In accordance with one or more aspects of the
present disclosure the end effector is configured to clean
the wheel with the wheel mounted in situ on the vehicle.
[0083] In accordance with one or more aspects of the
present disclosure the end effector includes a tire bal-
ancer configured to equalize a combined weight of the
tire and the wheel with the tire and wheel spinning at
operating speeds and with the wheel mounted in situ on
the vehicle.
[0084] In accordance with one or more aspects of the
present disclosure the end effector includes a tire bal-
ancing bead dispenser configured to dispense tire bal-
ancing beads into the tire with the wheel mounted in situ
on the vehicle and prior to seating a tire bead of the tire
against the wheel.
[0085] In accordance with one or more aspects of the
present disclosure the end effector includes a tire inflation
tool that on articulation of the at least one robotic articu-
lated arm inflates the tire mounted to the wheel with the
wheel mounted in situ on the vehicle.
[0086] In accordance with one or more aspects of the
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present disclosure the end effector further comprises a
valve core installation tool.
[0087] In accordance with one or more aspects of the
present disclosure the end effector comprises a valve
stem cap installation tool.
[0088] In accordance with one or more aspects of the
present disclosure the autonomous traverse tire chang-
ing bot further comprises at least one vision system cou-
pled to the controller, the vision system being configured
to one or more of:

identify a location and orientation of one or more of
the wheel and tire;

read tire sidewall information of the tire mounted to
the wheel to identify tire information;

identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspect the wheel for one or more of damage and
corrosion;

read tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
mation;

read tire sidewall information of a replacement or
new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

read tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0089] In accordance with one or more aspects of the
present disclosure the end effector includes a tire defla-
tion tool that on articulation of the at least one robotic
articulated arm deflates the tire mounted to the wheel.
[0090] In accordance with one or more aspects of the
present disclosure the end effector comprises a valve
stem cap removal tool.
[0091] In accordance with one or more aspects of the
present disclosure the end effector further comprises a
valve core removal tool.
[0092] In accordance with one or more aspects of the
present disclosure the end effector comprises a tire bead
breaker tool that on articulation of the at least one robotic
articulated arm breaks a bead of the tire from the wheel.
[0093] In accordance with one or more aspects of the
present disclosure the end effector is configured to clean
the wheel.

[0094] In accordance with one or more aspects of the
present disclosure the autonomous traverse tire chang-
ing bot further comprises at least one vision system cou-
pled to the controller, the vision system being configured
to identify:

a lug pattern of the wheel; and

a size of lug bolts or lug nuts coupling the wheel to
the vehicle.

[0095] In accordance with one or more aspects of the
present disclosure the end effector comprises a lug
wrench configured to one of both remove and install the
lug bolts or lug nuts.
[0096] In accordance with one or more aspects of the
present disclosure the end effector includes a tire inflation
tool that on articulation of the at least one robotic articu-
lated arm inflates the tire mounted to the wheel.
[0097] In accordance with one or more aspects of the
present disclosure the end effector further comprises a
valve core installation tool.
[0098] In accordance with one or more aspects of the
present disclosure the end effector comprises a valve
stem cap installation tool.
[0099] In accordance with one or more aspects of the
present disclosure the end effector includes a tire bal-
ancer configured to equalize a combined weight of the
tire and the wheel with the tire and wheel spinning at
operating speeds.
[0100] In accordance with one or more aspects of the
present disclosure the end effector includes a tire bal-
ancing bead dispenser configured to dispense tire bal-
ancing beads into the tire prior to seating a tire bead of
the tire against the wheel.
[0101] In accordance with one or more aspects of the
present disclosure the at least one robotic articulated arm
is configured to install the tire and wheel on the vehicle
with the tire balancing beads disposed within a wheels
assembly formed by the wheel and the tire mounted to
the wheel.
[0102] In accordance with one or more aspects of the
present disclosure the end effector includes a wheel as-
sembly grip that on articulation of the at least one robotic
articulated arm removes the wheel, with the tire mounted
thereto, from the vehicle.
[0103] In accordance with one or more aspects of the
present disclosure the end effector on articulation of the
at least one robotic articulated arm is configured to:

place the wheel, with the tire mounted thereto, on an
automated tire changing machine; and

one or more of:

remove the tire, uninstalled from the wheel by
the automated tire changing machine, from the
automated tire machine, and
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place another tire on the automated tire chang-
ing machine for installation of the other tire to
the wheel by the automated tire machine.

[0104] In accordance with one or more aspects of the
present disclosure the end effector on articulation of the
at least one robotic articulated arm is configured to place
the wheel, with the other tire mounted thereto, on an au-
tomated tire balancing machine.
[0105] In accordance with one or more aspects of the
present disclosure the end effector on articulation of the
at least one robotic articulated arm installs the wheel,
with the other tire mounted thereto, to the vehicle.
[0106] In accordance with one or more aspects of the
present disclosure an autonomous tire changing system
comprises:

two or more autonomous traverse tire changing bots,
each of the autonomous traverse tire changing bots
having:

a carriage having:

a carriage frame,

wheels supporting the carriage frame, and

a carriage drive section with at least one motor
defining at least one degree of freedom power-
ing at least one of the wheels effecting autono-
mous traverse of the carriage, along a traverse
path, relative to a traverse surface or a floor on
which the autonomous traverse tire changing
bot rests;

a bot frame including:

at least one robotic articulated arm mounted to
the carriage so that the bot frame traverses with
the carriage as a unit along the traverse path,
and

a bot drive section with a motor defining a bot
arm degree of freedom, separate and distinct
from the at least one degree of freedom,

wherein the at least one robotic articulated arm has
an end effector having a wheel or tire engagement
tool disposed so that articulation of the at least one
robotic articulated arm with the bot arm degree of
freedom effects engagement contact of the wheel or
tire engagement tool and a wheel or a tire mounted
on a vehicle; and

a controller communicably connected to the carriage
drive section and the bot drive section of each of the
autonomous traverse tire changing bots so as to ef-
fect traverse of one or more of the autonomous

traverse tire changing bots along a respective
traverse path effecting dynamic positioning of a re-
spective at least one robotic articulated arm of the
one or more of the autonomous traverse tire chang-
ing bots relative to a variable position of the vehicle
with the wheel or tire mounted thereon.

[0107] In accordance with one or more aspects of the
present disclosure the dynamic positioning of the respec-
tive at least one robotic articulated arm relative to the
variable position of the vehicle with the wheel or tire
mounted thereon is disposed so that articulation of the
respective at least one robotic articulated arm engages
the wheel or tire engagement tool to the wheel or tire on
the vehicle in the variable position.
[0108] In accordance with one or more aspects of the
present disclosure the carriage of each of the two or more
autonomous traverse tire changing bots is track guided.
[0109] In accordance with one or more aspects of the
present disclosure the carriage of each of the two or more
autonomous traverse tire changing bots is configured for
autonomous guidance and unrestricted traverse on an
undeterministic surface of the traverse surface or the
floor.
[0110] In accordance with one or more aspects of the
present disclosure the carriage of each of the two or more
autonomous traverse tire changing bots has positioning
sensors, and the controller is configured to:

register the variable position of the vehicle,

register a variable position of the wheel or tire on the
vehicle defined by the variable position, or

register a position of a label or other marker placed
on the wheel or tire.

[0111] In accordance with one or more aspects of the
present disclosure, for each of the autonomous traverse
tire changing bots, an arm articulation axis defined by
articulation of the at least one robotic articulated arm with
the bot arm degree of freedom is separate and distinct
from the traverse path.
[0112] In accordance with one or more aspects of the
present disclosure, for at least one of the autonomous
traverse tire changing bots, the at least one robotic ar-
ticulated arm includes more than one robotic arm, each
of the more than one robotic arm having a different re-
spective arm articulation axis, and a different respective
end effector disposed for working on the wheel or tire
mounted on the vehicle.
[0113] In accordance with one or more aspects of the
present disclosure, for each of the autonomous traverse
tire changing bots, the at least one wheel or tire engage-
ment tool is a tire mounting/dismounting tool that on ar-
ticulation of the at least one robotic articulated arm en-
gages the tire of the wheel mounted on the vehicle and
effects mounting of the tire on the wheel and dismounting
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of the tire off the wheel with the wheel mounted in situ
on the vehicle.
[0114] In accordance with one or more aspects of the
present disclosure the autonomous tire changing system
further comprises at least one vision system coupled to
the controller, the vision system being configured to one
or more of:

identify a location and orientation of one or more of
the wheel and tire;

read tire sidewall information of the tire mounted to
the wheel to identify tire information with the wheel
mounted in situ on the vehicle;

identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspect the wheel for one or more of damage and
corrosion with the wheel mounted in situ on the ve-
hicle;

read tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
mation;

read tire sidewall information of a replacement or
new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

read tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0115] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire deflation tool that on articulation of the at least one
robotic articulated arm deflates the tire mounted to the
wheel with the wheel mounted in situ on the vehicle.
[0116] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector com-
prises a valve stem cap removal tool.
[0117] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector further
comprises a valve core removal tool.
[0118] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector comprises
a tire bead breaker tool that on articulation of the at least

one robotic articulated arm breaks a bead of the tire from
the wheel with the wheel mounted in situ on the vehicle.
[0119] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector is configured
to clean the wheel with the wheel mounted in situ on the
vehicle.
[0120] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire balancer configured to equalize a combined weight
of the tire and the wheel with the tire and wheel spinning
at operating speeds and with the wheel mounted in situ
on the vehicle.
[0121] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire balancing bead dispenser configured to dispense tire
balancing beads into the tire with the wheel mounted in
situ on the vehicle and prior to seating a tire bead of the
tire against the wheel.
[0122] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire inflation tool that on articulation of the at least one
robotic articulated arm inflates the tire mounted to the
wheel with the wheel mounted in situ on the vehicle.
[0123] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector further
comprises a valve core installation tool.
[0124] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector com-
prises a valve stem cap installation tool.
[0125] In accordance with one or more aspects of the
present disclosure the autonomous tire changing system
further comprises at least one vision system coupled to
the controller, the vision system being configured to one
or more of:

identify a location and orientation of one or more of
the wheel and tire;

read tire sidewall information of the tire mounted to
the wheel to identify tire information;

identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspect the wheel for one or more of damage and
corrosion;

read tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
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mation;

read tire sidewall information of a replacement or
new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

read tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0126] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire deflation tool that on articulation of the at least one
robotic articulated arm deflates the tire mounted to the
wheel.
[0127] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector com-
prises a valve stem cap removal tool.
[0128] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector further
comprises a valve core removal tool.
[0129] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector comprises
a tire bead breaker tool that on articulation of the at least
one robotic articulated arm breaks a bead of the tire from
the wheel.
[0130] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector is configured
to clean the wheel.
[0131] In accordance with one or more aspects of the
present disclosure the autonomous tire changing system
further comprises at least one vision system coupled to
the controller, the vision system being configured to iden-
tify:

a lug pattern (i.e., the layout of the wheel mounting
holes expressed as the number of lugs by the diam-
eter of the imaginary circle formed by the center of
the lugs) of the wheel; and

a size of lug bolts or lug nuts coupling the wheel to
the vehicle.

[0132] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector comprises
a lug wrench configured to one of both remove and install
the lug bolts or lug nuts.
[0133] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous

traverse tire changing bots, the end effector includes a
tire inflation tool that on articulation of the at least one
robotic articulated arm inflates the tire mounted to the
wheel.
[0134] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector further
comprises a valve core installation tool.
[0135] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector com-
prises a valve stem cap installation tool.
[0136] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire balancer configured to equalize a combined weight
of the tire and the wheel with the tire and wheel spinning
at operating speeds.
[0137] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
tire balancing bead dispenser configured to dispense tire
balancing beads into the tire prior to seating a tire bead
of the tire against the wheel.
[0138] In accordance with one or more aspects of the
present disclosure the at least one robotic articulated arm
is configured to install the tire and wheel on the vehicle
with the tire balancing beads disposed within a wheels
assembly formed by the wheel and the tire mounted to
the wheel.
[0139] In accordance with one or more aspects of the
present disclosure, for one or more of the autonomous
traverse tire changing bots, the end effector includes a
wheel assembly grip that on articulation of the at least
one robotic articulated arm removes the wheel, with the
tire mounted thereto, from the vehicle.
[0140] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector on
articulation of the at least one robotic articulated arm is
configured to:

place the wheel, with the tire mounted thereto, on an
automated tire changing machine; and

one or more of:

remove the tire, uninstalled from the wheel by
the automated tire changing machine, from the
automated tire machine, and

place another tire on the automated tire chang-
ing machine for installation of the other tire to
the wheel by the automated tire machine.

[0141] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector on
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articulation of the at least one robotic articulated arm is
configured to place the wheel, with the other tire mounted
thereto, on an automated tire balancing machine.
[0142] In accordance with one or more aspects of the
present disclosure, for the one or more of the autono-
mous traverse tire changing bots, the end effector on
articulation of the at least one robotic articulated arm in-
stalls the wheel, with the other tire mounted thereto, to
the vehicle.
[0143] In accordance with one or more aspects of the
present disclosure a method for autonomously changing
a tire comprises:

providing an autonomous traverse tire changing bot
having:

a carriage having:

a carriage frame,

wheels supporting the carriage frame, and

a carriage drive section with at least one
motor defining at least one degree of free-
dom powering at least one of the wheels
effecting autonomous traverse of the car-
riage, along a traverse path, relative to a
traverse surface or a floor on which the au-
tonomous traverse tire changing bot rests;

a bot frame including:

at least one robotic articulated arm mounted
to the carriage so that the bot frame travers-
es with the carriage as a unit along the
traverse path, and

a bot drive section with a motor defining a
bot arm degree of freedom, separate and
distinct from the at least one degree of free-
dom,

wherein the at least one robotic articulated arm
has an end effector having a wheel or tire en-
gagement tool disposed;

traversing the autonomous traverse tire chang-
ing bot along the traverse path, with a controller
communicably connected to the carriage drive
section and the bot drive section, to effect dy-
namic positioning of the at least one robotic ar-
ticulated arm relative to a variable position of the
vehicle with the wheel or tire mounted thereon;
and

articulating the at least one robotic articulated
arm, under control of the controller, with the bot
arm degree of freedom effecting engagement

contact of the wheel or tire engagement tool and
a wheel or a tire mounted on a vehicle so as to
effect changing the tire with the autonomous
traverse tire changing bot.

[0144] In accordance with one or more aspects of the
present disclosure the dynamic positioning of the at least
one robotic articulated arm relative to the variable posi-
tion of the vehicle with the wheel or tire mounted thereon
is disposed so that articulation of the at least one robotic
articulated arm engages the wheel or tire engagement
tool to the wheel or tire on the vehicle in the variable
position.
[0145] In accordance with one or more aspects of the
present disclosure traversing the autonomous traverse
tire changing bot along the traverse path includes the
carriage travelling along and being guided by a track.
[0146] In accordance with one or more aspects of the
present disclosure traversing the autonomous traverse
tire changing bot along the traverse path includes the
carriage being autonomously guided in unrestricted
traverse on an undeterministic surface of the traverse
surface or the floor.
[0147] In accordance with one or more aspects of the
present disclosure the method further comprises regis-
tering, with the controller and positioning sensors of the
carriage, the variable position of the vehicle, or a variable
position of the wheel or tire on the vehicle defined by the
variable position.
[0148] In accordance with one or more aspects of the
present disclosure an arm articulation axis defined by
articulation of the at least one robotic articulated arm with
the bot arm degree of freedom is separate and distinct
from the traverse path.
[0149] In accordance with one or more aspects of the
present disclosure the at least one robotic articulated arm
includes more than one robotic arm, each of the more
than one robotic arm having a different respective arm
articulation axis, and a different respective end effector
disposed for working on the wheel or tire mounted on the
vehicle.
[0150] In accordance with one or more aspects of the
present disclosure the method further comprises mount-
ing of the tire on the wheel and dismounting of the tire
off the wheel with the at least one wheel or tire engage-
ment tool, wherein:

the at least one wheel or tire engagement tool is a
tire mounting/dismounting tool that on articulation of
the at least one robotic articulated arm engages the
tire of the wheel mounted on the vehicle, and

the mounting of the tire on the wheel and dismounting
of the tire off the wheel is effected by the autonomous
traverse tire changing bot with the wheel mounted
in situ on the vehicle or with the wheel removed from
the vehicle.
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[0151] In accordance with one or more aspects of the
present disclosure the method further comprises, with at
least one vision system coupled to the controller, one or
more of:

identifying a location and orientation of one or more
of the wheel and tire;

reading tire sidewall information of the tire mounted
to the wheel to identify tire information with the wheel
mounted in situ on the vehicle or with the wheel re-
moved from the vehicle;

identifying a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspecting the wheel for one or more of damage and
corrosion with the wheel mounted in situ on the ve-
hicle or with the wheel removed from the vehicle;

reading tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
mation;

reading tire sidewall information of a replacement or
new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

reading tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0152] In accordance with one or more aspects of the
present disclosure the method further comprises, on ar-
ticulation of the at least one robotic articulated arm, de-
flating the tire mounted to the wheel with a tire deflation
tool of the end effector with the wheel mounted in situ on
the vehicle or with the wheel removed from the vehicle.
[0153] In accordance with one or more aspects of the
present disclosure the method, further comprises remov-
ing a valve stem cap with a valve stem cap removal tool
of the end effector.
[0154] In accordance with one or more aspects of the
present disclosure the method, further comprises remov-
ing a valve core with a valve core removal tool of the end
effector.
[0155] In accordance with one or more aspects of the
present disclosure the method further comprises, on ar-
ticulation of the at least one robotic articulated arm,
breaking a bead of the tire from the wheel with a tire bead
breaker tool of the end effector with the wheel mounted
in situ on the vehicle or with the wheel removed from the

vehicle.
[0156] In accordance with one or more aspects of the
present disclosure the method further comprises clean-
ing the wheel with the end effector with the wheel mount-
ed in situ on the vehicle or with the wheel removed from
the vehicle.
[0157] In accordance with one or more aspects of the
present disclosure the method further comprises equal-
izing, with a tire balancer of the end effector, a combined
weight of the tire and the wheel with the tire and wheel
spinning at operating speeds and with the wheel mounted
in situ on the vehicle.
[0158] In accordance with one or more aspects of the
present disclosure the method further comprises, with a
wheel assembly grip of the end effector and on articula-
tion of the at least one robotic articulated arm, removing
the wheel, with the tire mounted thereto, from the vehicle.
[0159] In accordance with one or more aspects of the
present disclosure the method further comprises, with
the end effector on articulation of the at least one robotic
articulated arm:

placing the wheel, with the tire mounted thereto, on
an automated tire changing machine; and

one or more of:

removing the tire, uninstalled from the wheel by
the automated tire changing machine, from the
automated tire machine, and

placing another tire on the automated tire chang-
ing machine for installation of the other tire to
the wheel by the automated tire machine.

[0160] In accordance with one or more aspects of the
present disclosure the method further comprises, with
the end effector on articulation of the at least one robotic
articulated arm, placing the wheel, with the other tire
mounted thereto, on an automated tire balancing ma-
chine.
[0161] In accordance with one or more aspects of the
present disclosure the method further comprises, with
the end effector on articulation of the at least one robotic
articulated arm, installing the wheel, with the other tire
mounted thereto, to the vehicle.
[0162] In accordance with one or more aspects of the
present disclosure the method further comprises dis-
pensing, with a tire balancing bead dispenser of the end
effector, tire balancing beads into the tire prior to seating
a tire bead of the tire against the wheel.
[0163] In accordance with one or more aspects of the
present disclosure the method further comprises, with
the at least one robotic articulated arm, installing the tire
and wheel on the vehicle with the tire balancing beads
disposed within a wheels assembly formed by the wheel
and the tire mounted to the wheel.
[0164] In accordance with one or more aspects of the
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present disclosure the method further comprises, with a
tire inflation tool of the end effector and on articulation of
the at least one robotic articulated arm, inflating the tire
mounted to the wheel with the wheel mounted in situ on
the vehicle or removed from the vehicle.
[0165] In accordance with one or more aspects of the
present disclosure the method further comprises install-
ing a valve core with a valve core installation tool of the
end effector.
[0166] In accordance with one or more aspects of the
present disclosure the method further comprises install-
ing a valve stem cap with a valve stem cap installation
tool of the end effector.
[0167] In accordance with one or more aspects of the
present disclosure the method further comprises, with at
least one vision system coupled to the controller, identi-
fying:

a lug pattern of the wheel; and

a size of lug bolts or lug nuts coupling the wheel to
the vehicle.

[0168] In accordance with one or more aspects of the
present disclosure the method further comprises one of
both removing and installing the lug bolts or lug nuts with
a lug wrench of the end effector.
[0169] In accordance with one or more aspects of the
present disclosure method further comprises with a tire
balancer of the end effector, equalizing a combined
weight of the tire and the wheel with the tire and wheel
spinning at operating speeds.
[0170] In accordance with one or more aspects of the
present disclosure the method further comprises raising
the tires of the vehicle off of the traverse surface or the
floor so as to effect changing of the tire.
[0171] In accordance with one or more aspects of the
present disclosure the method further comprises remov-
ing a normal force exerted on the tire by a tire support
surface so as to distance the tire from the tire support
surface and effect changing of the tire.
[0172] In accordance with one or more aspects of the
present disclosure, an autonomous traverse tire chang-
ing bot comprising:

a carriage having:

a carriage frame,

wheels supporting the carriage frame, and

a carriage drive section with at least one motor
defining at least one degree of freedom power-
ing at least one of the wheels effecting autono-
mous traverse of the carriage, along a traverse
path, relative to a traverse surface or a floor on
which the autonomous traverse tire changing
bot rests;

a bot frame including:

at least one actuator mounted to the carriage so
that the bot frame traverses with the carriage as
a unit along the traverse path, and

a bot drive section with a motor defining an ac-
tuator degree of freedom, separate and distinct
from the at least one degree of freedom,

wherein the at least one actuator has an end effector
having a wheel or tire engagement tool disposed so
that articulation of the at least one actuator with the
actuator degree of freedom effects engagement con-
tact of the wheel or tire engagement tool and a wheel
or a tire mounted on a vehicle; and

a controller communicably connected to the carriage
drive section and the bot drive section so as to effect
traverse of the autonomous traverse tire changing
bot along the traverse path effecting dynamic posi-
tioning of the at least one actuator relative to a var-
iable position of the vehicle with the wheel or tire
mounted thereon.

[0173] In accordance with one or more aspects of the
present disclosure, the dynamic positioning of the at least
one actuator relative to the variable position of the vehicle
with the wheel or tire mounted thereon is disposed so
that articulation of the at least one actuator engages the
wheel or tire engagement tool to the wheel or tire on the
vehicle in the variable position.
[0174] In accordance with one or more aspects of the
present disclosure, the carriage is track guided.
[0175] In accordance with one or more aspects of the
present disclosure, the carriage is configured for auton-
omous guidance and unrestricted traverse on an unde-
terministic surface of the traverse surface or the floor.
[0176] In accordance with one or more aspects of the
present disclosure, the carriage has positioning sensors,
and the controller is configured to:

register the variable position of the vehicle,

register a variable position of the wheel or tire on the
vehicle defined by the variable position, or

register a position of a label or other marker placed
on the wheel or tire.

[0177] In accordance with one or more aspects of the
present disclosure, an actuator articulation axis defined
by articulation of the at least one actuator with the actu-
ator degree of freedom is separate and distinct from the
traverse path.
[0178] In accordance with one or more aspects of the
present disclosure, the at least one actuator includes
more than one actuator, each of the more than one ac-
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tuator having a different respective actuator articulation
axis, and a different respective end effector disposed for
working on the wheel or tire mounted on the vehicle.
[0179] In accordance with one or more aspects of the
present disclosure, the at least one wheel or tire engage-
ment tool is a tire mounting/dismounting tool that on ar-
ticulation of the at least one actuator engages the tire of
the wheel mounted on the vehicle and effects mounting
of the tire on the wheel and dismounting of the tire off the
wheel with the wheel mounted in situ on the vehicle.
[0180] In accordance with one or more aspects of the
present disclosure, the autonomous traverse tire chang-
ing bot further comprises at least one vision system cou-
pled to the controller, the vision system being configured
to one or more of:

identify a location and orientation of one or more of
the wheel and tire;

read tire sidewall information of the tire mounted to
the wheel to identify tire information with the wheel
mounted in situ on the vehicle;

identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspect the wheel for one or more of damage and
corrosion with the wheel mounted in situ on the ve-
hicle;

read tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
mation;

read tire sidewall information of a replacement or
new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

read tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0181] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire defla-
tion tool that on articulation of the at least one actuator
deflates the tire mounted to the wheel with the wheel
mounted in situ on the vehicle.
[0182] In accordance with one or more aspects of the
present disclosure, the end effector comprises a valve
stem cap removal tool.
[0183] In accordance with one or more aspects of the
present disclosure, the end effector further comprises a

valve core removal tool.
[0184] In accordance with one or more aspects of the
present disclosure, the end effector comprises a tire bead
breaker tool that on articulation of the at least one actu-
ator breaks a bead of the tire from the wheel with the
wheel mounted in situ on the vehicle.
[0185] In accordance with one or more aspects of the
present disclosure, the end effector is configured to clean
the wheel with the wheel mounted in situ on the vehicle.
[0186] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire bal-
ancer configured to equalize a combined weight of the
tire and the wheel with the tire and wheel spinning at
operating speeds and with the wheel mounted in situ on
the vehicle.
[0187] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire bal-
ancing bead dispenser configured to dispense tire bal-
ancing beads into the tire with the wheel mounted in situ
on the vehicle and prior to seating a tire bead of the tire
against the wheel.
[0188] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire infla-
tion tool that on articulation of the at least one actuator
inflates the tire mounted to the wheel with the wheel
mounted in situ on the vehicle.
[0189] In accordance with one or more aspects of the
present disclosure, the end effector further comprises a
valve core installation tool.
[0190] In accordance with one or more aspects of the
present disclosure, the end effector comprises a valve
stem cap installation tool.
[0191] In accordance with one or more aspects of the
present disclosure, the autonomous traverse tire chang-
ing bot further comprises at least one vision system cou-
pled to the controller, the vision system being configured
to one or more of:

identify a location and orientation of one or more of
the wheel and tire;

read tire sidewall information of the tire mounted to
the wheel to identify tire information;

identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the
vehicle from a memory accessible by the controller;

inspect the wheel for one or more of damage and
corrosion;

read tire sidewall information of a replacement or
new tire to verify the replacement or new tire is a
correct size based on one or more of the identified
tire information and the original equipment tire infor-
mation;

read tire sidewall information of a replacement or
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new tire to verify department of transportation codes
or information, where the department of transporta-
tion codes or information is stored in a database or
memory in association with identifying information
of the vehicle; and

read tire sidewall information of a replacement or
new tire to verify a rotation direction of the replace-
ment or new tire.

[0192] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire defla-
tion tool that on articulation of the at least one actuator
deflates the tire mounted to the wheel.
[0193] In accordance with one or more aspects of the
present disclosure, the end effector comprises a valve
stem cap removal tool.
[0194] In accordance with one or more aspects of the
present disclosure, the end effector further comprises a
valve core removal tool.
[0195] In accordance with one or more aspects of the
present disclosure, the end effector comprises a tire bead
breaker tool that on articulation of the at least one actu-
ator breaks a bead of the tire from the wheel.
[0196] In accordance with one or more aspects of the
present disclosure, the end effector is configured to clean
the wheel.
[0197] In accordance with one or more aspects of the
present disclosure, the autonomous traverse tire chang-
ing bot further comprises at least one vision system cou-
pled to the controller, the vision system being configured
to identify:

a lug pattern of the wheel; and

a size of lug bolts or lug nuts coupling the wheel to
the vehicle.

[0198] In accordance with one or more aspects of the
present disclosure, the end effector comprises a lug
wrench configured to one of both remove and install the
lug bolts or lug nuts.
[0199] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire infla-
tion tool that on articulation of the at least one actuator
inflates the tire mounted to the wheel.
[0200] In accordance with one or more aspects of the
present disclosure, the end effector further comprises a
valve core installation tool.
[0201] In accordance with one or more aspects of the
present disclosure, the end effector comprises a valve
stem cap installation tool.
[0202] In accordance with one or more aspects of the
present disclosure, the end effector includes a tire bal-
ancer configured to equalize a combined weight of the
tire and the wheel with the tire and wheel spinning at
operating speeds.
[0203] In accordance with one or more aspects of the

present disclosure:

the end effector includes a tire balancing bead dis-
penser configured to dispense tire balancing beads
into the tire prior to seating a tire bead of the tire
against the wheel; and
the at least one actuator is configured to install the
tire and wheel on the vehicle with the tire balancing
beads disposed within a wheel assembly formed by
the wheel and the tire mounted to the wheel..

[0204] In accordance with one or more aspects of the
present disclosure, the end effector includes a wheel as-
sembly grip that on articulation of the at least one actuator
removes the wheel, with the tire mounted thereto, from
the vehicle.
[0205] In accordance with one or more aspects of the
present disclosure, the end effector on articulation of the
at least one actuator is configured to:

place the wheel, with the tire mounted thereto, on an
automated tire changing machine; and

one or more of:

remove the tire, uninstalled from the wheel by
the automated tire changing machine, from the
automated tire machine, and

place another tire on the automated tire chang-
ing machine for installation of the other tire to
the wheel by the automated tire machine.

[0206] In accordance with one or more aspects of the
present disclosure, the end effector on articulation of the
at least one actuator is configured to place the wheel,
with the other tire mounted thereto, on an automated tire
balancing machine.
[0207] In accordance with one or more aspects of the
present disclosure, the end effector on articulation of the
at least one actuator installs the wheel, with the other tire
mounted thereto, to the vehicle.
[0208] In accordance with one or more aspects of the
present disclosure, a method for autonomously changing
a tire is provided. The method comprises:

providing an autonomous traverse tire changing bot
having:

a carriage having:

a carriage frame,

wheels supporting the carriage frame, and

a carriage drive section with at least one
motor defining at least one degree of free-
dom powering at least one of the wheels
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effecting autonomous traverse of the car-
riage, along a traverse path, relative to a
traverse surface or a floor on which the au-
tonomous traverse tire changing bot rests;

a bot frame including:

at least one actuator mounted to the car-
riage so that the bot frame traverses with
the carriage as a unit along the traverse
path, and
a bot drive section with a motor defining an
actuator degree of freedom, separate and
distinct from the at least one degree of free-
dom,

wherein the at least one actuator has an end
effector having a tire engagement tool;

traversing the autonomous traverse tire chang-
ing bot along the traverse path, with a controller
communicably connected to the carriage drive
section and the bot drive section, to effect dy-
namic positioning of the at least one actuator
relative to a variable position of a vehicle with
the tire mounted thereon; and

actuating the at least one actuator, under control
of the controller, with the actuator degree of free-
dom effecting engagement contact of the tire en-
gagement tool and the tire mounted on the ve-
hicle so as to effect changing the tire with the
autonomous traverse tire changing bot.

[0209] In accordance with one or more aspects of the
disclosed embodiment an autonomous traverse tire
changing bot is provided. The autonomous traverse tire
changing bot including a carriage having a carriage
frame, wheels supporting the carriage frame, and a car-
riage drive section with at least one motor defining at
least one degree of freedom powering at least one of the
wheels effecting autonomous traverse of the carriage,
along a traverse path, relative to a traverse surface or a
floor on which the autonomous traverse tire changing bot
rests, a bot frame including at least one actuator mounted
to the carriage so that the bot frame traverses with the
carriage as a unit along the traverse path, and a bot drive
section with a motor defining an actuator degree of free-
dom, separate and distinct from the at least one degree
of freedom, wherein the at least one actuator has an end
effector having a tire engagement tool disposed so that
articulation of the at least one actuator with the actuator
degree of freedom effects engagement contact of the tire
engagement tool and a tire mounted on a vehicle, and a
controller communicably connected to the carriage drive
section and the bot drive section so as to effect traverse
of the autonomous traverse tire changing bot along the
traverse path effecting dynamic positioning of the at least

one actuator relative to a variable position of the vehicle
with the tire mounted thereon.
[0210] In accordance with one or more aspects of the
disclosed embodiment the dynamic positioning of the at
least one actuator relative to the variable position of the
vehicle with tire mounted thereon is disposed so that ar-
ticulation of the at least one actuator engages the tire
engagement tool to the tire on the vehicle in the variable
position.
[0211] In accordance with one or more aspects of the
disclosed embodiment the carriage has positioning sen-
sors, and the controller is configured to register the var-
iable position of the vehicle, register a variable position
of the tire on the vehicle defined by the variable position,
or register a position of a label or other marker placed on
the tire.
[0212] In accordance with one or more aspects of the
disclosed embodiment an actuator articulation axis de-
fined by articulation of the at least one actuator with the
actuator degree of freedom is separate and distinct from
the traverse path.
[0213] In accordance with one or more aspects of the
disclosed embodiment the at least one wheel or tire en-
gagement tool is a tire mounting/dismounting tool that on
articulation of the at least one actuator engages the tire
of a wheel mounted on the vehicle and effects mounting
of the tire on the wheel and dismounting of the tire off the
wheel with the wheel mounted in situ on the vehicle.
[0214] In accordance with one or more aspects of the
disclosed embodiment the autonomous traverse tire
changing bot further including at least one vision system
coupled to the controller, the vision system being config-
ured to one or more of identify a location and orientation
of one or more of a wheel and tire, read tire sidewall
information of the tire mounted to the wheel to identify
tire information with the wheel mounted in situ on the
vehicle, identify a make and model of the vehicle to effect
retrieval of original equipment tire information for the ve-
hicle from a memory accessible by the controller, inspect
the wheel for one or more of damage and corrosion with
the wheel mounted in situ on the vehicle, read tire side-
wall information of a replacement or new tire to verify the
replacement or new tire is a correct size based on one
or more of the identified tire information and the original
equipment tire information, read tire sidewall information
of a replacement or new tire to verify department of trans-
portation codes or information, where the department of
transportation codes or information is stored in a data-
base or memory in association with identifying informa-
tion of the vehicle, and read tire sidewall information of
a replacement or new tire to verify a rotation direction of
the replacement or new tire.
[0215] In accordance with one or more aspects of the
disclosed embodiment the end effector includes a tire
deflation tool that on articulation of the at least one actu-
ator deflates the tire mounted to a wheel with the wheel
mounted in situ on the vehicle.
[0216] In accordance with one or more aspects of the
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disclosed embodiment the end effector comprises a tire
bead breaker tool that on articulation of the at least one
actuator breaks a bead of the tire from a wheel with the
wheel mounted in situ on the vehicle.
[0217] In accordance with one or more aspects of the
disclosed embodiment the end effector includes a tire
balancer configured to equalize a combined weight of
the tire and a wheel with the tire and the wheel spinning
at operating speeds and with the wheel mounted in situ
on the vehicle.
[0218] In accordance with one or more aspects of the
disclosed embodiment the end effector includes a tire
balancing bead dispenser configured to dispense tire bal-
ancing beads into the tire with a wheel mounted in situ
on the vehicle and prior to seating a tire bead of the tire
against the wheel.
[0219] In accordance with one or more aspects of the
disclosed embodiment the end effector includes a tire
inflation tool that on articulation of the at least one actu-
ator inflates the tire mounted to a wheel with the wheel
mounted in situ on the vehicle.
[0220] In accordance with one or more aspects of the
disclosed embodiment the autonomous traverse tire
changing bot further including at least one vision system
coupled to the controller, the vision system being config-
ured to one or more of identify a location and orientation
of one or more of a wheel and tire, read tire sidewall
information of the tire mounted to the wheel to identify
tire information, identify a make and model of the vehicle
to effect retrieval of original equipment tire information
for the vehicle from a memory accessible by the control-
ler, inspect the wheel for one or more of damage and
corrosion, read tire sidewall information of a replacement
or new tire to verify the replacement or new tire is a correct
size based on one or more of the identified tire information
and the original equipment tire information, read tire side-
wall information of a replacement or new tire to verify
department of transportation codes or information, where
the department of transportation codes or information is
stored in a database or memory in association with iden-
tifying information of the vehicle, and read tire sidewall
information of a replacement or new tire to verify a rota-
tion direction of the replacement or new tire.
[0221] In accordance with one or more aspects of the
disclosed embodiment the end effector includes one or
more of a tire inflation tool that on articulation of the at
least one actuator inflates the tire mounted to a wheel, a
valve core installation tool, and a valve stem cap instal-
lation tool.
[0222] In accordance with one or more aspects of the
disclosed embodiment the end effector includes a tire
balancer configured to equalize a combined weight of
the tire and a wheel with the tire and the wheel spinning
at operating speeds.
[0223] In accordance with one or more aspects of the
disclosed embodiment a method for autonomously
changing a tire is provided. The method including pro-
viding an autonomous traverse tire changing bot having

a carriage having a carriage frame, wheels supporting
the carriage frame, and a carriage drive section with at
least one motor defining at least one degree of freedom
powering at least one of the wheels effecting autonomous
traverse of the carriage, along a traverse path, relative
to a traverse surface or a floor on which the autonomous
traverse tire changing bot rests, a bot frame including at
least one actuator mounted to the carriage so that the
bot frame traverses with the carriage as a unit along the
traverse path, and a bot drive section with a motor defin-
ing an actuator degree of freedom, separate and distinct
from the at least one degree of freedom, wherein the at
least one actuator has an end effector having a tire en-
gagement tool, traversing the autonomous traverse tire
changing bot along the traverse path, with a controller
communicably connected to the carriage drive section
and the bot drive section, to effect dynamic positioning
of the at least one actuator relative to a variable position
of a vehicle with the tire mounted thereon, and actuating
the at least one actuator, under control of the controller,
with the actuator degree of freedom effecting engage-
ment contact of the tire engagement tool and the tire
mounted on the vehicle so as to effect changing the tire
with the autonomous traverse tire changing bot.
[0224] It should be understood that the foregoing de-
scription is only illustrative of the aspects of the present
disclosure. Various alternatives and modifications can
be devised by those skilled in the art without departing
from the aspects of the present disclosure. Accordingly,
the aspects of the present disclosure are intended to em-
brace all such alternatives, modifications and variances
that fall within the scope of any claims appended hereto.
Further, the mere fact that different features are recited
in mutually different dependent or independent claims
does not indicate that a combination of these features
cannot be advantageously used, such a combination re-
maining within the scope of the aspects of the present
disclosure.

Claims

1. An autonomous traverse tire changing bot compris-
ing:

a carriage having:

a carriage frame,
wheels supporting the carriage frame, and
a carriage drive section with at least one
motor defining at least one degree of free-
dom powering at least one of the wheels
effecting autonomous traverse of the car-
riage, along a traverse path, relative to a
traverse surface or a floor on which the au-
tonomous traverse tire changing bot rests;

a bot frame including:
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at least one actuator mounted to the car-
riage so that the bot frame traverses with
the carriage as a unit along the traverse
path, and
a bot drive section with a motor defining an
actuator degree of freedom, separate and
distinct from the at least one degree of free-
dom,
wherein the at least one actuator has an end
effector having a tire engagement tool dis-
posed so that articulation of the at least one
actuator with the actuator degree of free-
dom effects engagement contact of the tire
engagement tool and a tire mounted on a
vehicle; and

a controller communicably connected to the car-
riage drive section and the bot drive section so
as to effect traverse of the autonomous traverse
tire changing bot along the traverse path effect-
ing dynamic positioning of the at least one ac-
tuator relative to a variable position of the vehicle
with the tire mounted thereon.

2. The autonomous traverse tire changing bot of claim
1, wherein the dynamic positioning of the at least
one actuator relative to the variable position of the
vehicle with tire mounted thereon is disposed so that
articulation of the at least one actuator engages the
tire engagement tool to the tire on the vehicle in the
variable position.

3. The autonomous traverse tire changing bot of claim
1, wherein the carriage has positioning sensors, and
the controller is configured to:

register the variable position of the vehicle,
register a variable position of the tire on the ve-
hicle defined by the variable position, or
register a position of a label or other marker
placed on the tire.

4. The autonomous traverse tire changing bot of claim
1, wherein an actuator articulation axis defined by
articulation of the at least one actuator with the ac-
tuator degree of freedom is separate and distinct
from the traverse path.

5. The autonomous traverse tire changing bot of claim
1, wherein the at least one wheel or tire engagement
tool is a tire mounting/dismounting tool that on artic-
ulation of the at least one actuator engages the tire
of a wheel mounted on the vehicle and effects mount-
ing of the tire on the wheel and dismounting of the
tire off the wheel with the wheel mounted in situ on
the vehicle.

6. The autonomous traverse tire changing bot of claim

1, further comprising at least one vision system cou-
pled to the controller, the vision system being con-
figured to one or more of:

identify a location and orientation of one or more
of a wheel and tire;
read tire sidewall information of the tire mounted
to the wheel to identify tire information with the
wheel mounted in situ on the vehicle;
identify a make and model of the vehicle to effect
retrieval of original equipment tire information
for the vehicle from a memory accessible by the
controller;
inspect the wheel for one or more of damage
and corrosion with the wheel mounted in situ on
the vehicle;
read tire sidewall information of a replacement
or new tire to verify the replacement or new tire
is a correct size based on one or more of the
identified tire information and the original equip-
ment tire information;
read tire sidewall information of a replacement
or new tire to verify department of transportation
codes or information, where the department of
transportation codes or information is stored in
a database or memory in association with iden-
tifying information of the vehicle; and
read tire sidewall information of a replacement
or new tire to verify a rotation direction of the
replacement or new tire.

7. The autonomous traverse tire changing bot of claim
1, wherein the end effector includes a tire deflation
tool that on articulation of the at least one actuator
deflates the tire mounted to a wheel with the wheel
mounted in situ on the vehicle.

8. The autonomous traverse tire changing bot of claim
1, wherein the end effector comprises a tire bead
breaker tool that on articulation of the at least one
actuator breaks a bead of the tire from a wheel with
the wheel mounted in situ on the vehicle.

9. The autonomous traverse tire changing bot of claim
1, wherein the end effector includes a tire balancer
configured to equalize a combined weight of the tire
and a wheel with the tire and the wheel spinning at
operating speeds and with the wheel mounted in situ
on the vehicle.

10. The autonomous traverse tire changing bot of claim
1, wherein the end effector includes a tire balancing
bead dispenser configured to dispense tire balanc-
ing beads into the tire with a wheel mounted in situ
on the vehicle and prior to seating a tire bead of the
tire against the wheel.

11. The autonomous traverse tire changing bot of claim
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1, wherein the end effector includes a tire inflation
tool that on articulation of the at least one actuator
inflates the tire mounted to a wheel with the wheel
mounted in situ on the vehicle.

12. The autonomous traverse tire changing bot of claim
1, further comprising at least one vision system cou-
pled to the controller, the vision system being con-
figured to one or more of:

identify a location and orientation of one or more
of a wheel and tire;
read tire sidewall information of the tire mounted
to the wheel to identify tire information;
identify a make and model of the vehicle to effect
retrieval of original equipment tire information
for the vehicle from a memory accessible by the
controller;
inspect the wheel for one or more of damage
and corrosion;
read tire sidewall information of a replacement
or new tire to verify the replacement or new tire
is a correct size based on one or more of the
identified tire information and the original equip-
ment tire information;
read tire sidewall information of a replacement
or new tire to verify department of transportation
codes or information, where the department of
transportation codes or information is stored in
a database or memory in association with iden-
tifying information of the vehicle; and
read tire sidewall information of a replacement
or new tire to verify a rotation direction of the
replacement or new tire.

13. The autonomous traverse tire changing bot of claim
1, wherein the end effector includes one or more of:

a tire inflation tool that on articulation of the at
least one actuator inflates the tire mounted to a
wheel,
a valve core installation tool, and
a valve stem cap installation tool.

14. The autonomous traverse tire changing bot of claim
1, wherein the end effector includes a tire balancer
configured to equalize a combined weight of the tire
and a wheel with the tire and the wheel spinning at
operating speeds.

15. A method for autonomously changing a tire, the
method comprising:
providing an autonomous traverse tire changing bot
having:

a carriage having:

a carriage frame,

wheels supporting the carriage frame, and
a carriage drive section with at least one
motor defining at least one degree of free-
dom powering at least one of the wheels
effecting autonomous traverse of the car-
riage, along a traverse path, relative to a
traverse surface or a floor on which the au-
tonomous traverse tire changing bot rests;

a bot frame including:

at least one actuator mounted to the car-
riage so that the bot frame traverses with
the carriage as a unit along the traverse
path, and
a bot drive section with a motor defining an
actuator degree of freedom, separate and
distinct from the at least one degree of free-
dom,
wherein the at least one actuator has an end
effector having a tire engagement tool;

traversing the autonomous traverse tire chang-
ing bot along the traverse path, with a controller
communicably connected to the carriage drive
section and the bot drive section, to effect dy-
namic positioning of the at least one actuator
relative to a variable position of a vehicle with
the tire mounted thereon; and
actuating the at least one actuator, under control
of the controller, with the actuator degree of free-
dom effecting engagement contact of the tire en-
gagement tool and the tire mounted on the ve-
hicle so as to effect changing the tire with the
autonomous traverse tire changing bot.
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